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0 Polypeptide, DNA and its use. 

0 A mutein of basic fibroblast growth factors (bPGF) possesses fibroblast growth promoting activity, growth 
stimulating activity of capillary endothelial calls and angiogenic activity, has high stability and is low toxicity. And 
therefore, the present mutein is advantageously used as a healing accelerator for bums etc.. a therapeutic dmg 
for thrombosis etc.. and a cell cultivation promoter. 
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POLYPEPTIDE. DNA AND ITS USE 



The present invention relates to muteins of basic fibloblast growth factors (hereinafter also briefly 
referred to as bFGF). a recombinant DNA having a base sequence which codes for a mutein of bFGF and 

'^^ T basic polypeptide hormone having a molecular weight of about 17,000 secreted mainly by the 
pituitary gland, bFGF was first separated as a factor exhibiting strong growth promoting action on fibroblasts 
such as BALB/C3T3 [D. Gospodarowicz; Nature. 249, 123 (1974)]. Thereafter, however, it was proven that it 
exhibits growth promoting acton on almost all cells deriving from mesoblast [D. Gospodarowicz et al.; 
National Cancer Institute Monograph. 46, 109 (1978)]. Specifically, the angiogenic action of bFGF. together 
with its cell growth promoting action, is suggestive of a potential for the application thereof as a therapeutic 
drug for traumas and as a preventive and therapeutic drug for thrombosis, arteriosclerosis, etc. 

Bovine bFGF was first described in the Proceedings of the National Academy of Sciences of the United 
States of America. Vol. 82. pp. 6507 (1985). In Science, 233, 545 (1986). there were disclosed the bovine 
bFGF-constituent amino acids deduced from the clone which was produced by cloning cDNA of human 
bFGF. 

As for human bFGF. it is reported in Biochemical and Biophysical Research Communications. Vol. 135, 
p. 541 (1986) that human bFGF was extracted from human brain. 

In European Molecular Biology Organization (EMBO) Journal. Vol 5. p. 2523 (1986) and PCT Interna- 
tional Publication No. WO/01728, it is shown that the human bFGF-constituent amino acids were deduc- 
tively specified on the basis of the clone which was produced by cloning cDNA of human bFGF using 
bovine bFGF as a probe. 

In addition, in FEBS Letters. 273, 189 (1987). is described the production of human bFGF by cultivation 
of a transfomnant obtained by cloning cDNA of human bFGF. 

Comparing human bFGF and bovine bFGF. the human one has Thr for the 112-position, while the 
bovine one. Sen the human one Ser for the l28iX3sition. while the bovine one has Pro. (In this case, the N- 
terminal Pro is detemtiined as the 1st amino add.). 

The present inventors presumed that, by modifying the amino acid sequence. bFGF was Improved in 
stability, productivity in a cell and cell proliferating activity per molecule, and. in addition, its unidentified 
bioactivities were potentiated. 

In addition, biologically active proteins microbiologlcally produced by DNA recombination technique 
contain cysteine residues, which are not essential to their activities but which may form undesirable 
intermolecular or intramolecular linkages. 

In the course of a production of bFGF by recombinant DNA technique, heterogeneous conformations 
were found in Escherichia coli extract containing a high concentration of bFGF. These conformations are 
thought to have been produced due to random intra-or Inter-molecular disulfide bridging, and are causative 
of difficulties in bFGF purification and reduction in recovery. 

Taking note of this fact, the present inventors intended to so modify microbiologically produced 
bioactive proteins such as recombinant bFGF that, while their activities are not affected adversely, their 
capabilities of fomiing such intermolecular bridges and intramolecular linkages as will result in the formation 
of undesirable tertiary structures (e.g.. conformations which lower the protein activity) are reduced or 
I eliminated. 

The present inventors constructed modified bFGF muteins by DNA recombination and site-directed 
mutagenesis, and made investigations to improve their stability, upgrade their Intracellular productivities and 
activities, and describe changes in their bioactivities; as a result, the present inventors found a mutein which 
serves these purposes. The present inventors made further investigations based on this finding, and 
» completed the present invention. 

The present invention involves: 

(1) a mutein of a basic fibroblast growth factor 0)FGF), 

(2) a recombinant DNA having a base sequence which codes for the above-mentioned mutein (1), 

(3) a transformant harboring a vector containing a recombinant DNA having the base sequence which 
J codes for the above-mentioned mutein (1), and 

(4) a method for producing the above-mentioned mutein (1) which comprises cultivafing a transfor- 
mant harboring a vector containing a recombinant DNA having the base sequence which codes for the said 
mutein in a culture medium to produce and accumulate in the culture brath. 
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For bFGF, any bFGF can be listed, as long as it derives from a wann-blooded mammal. 
As typical examples thereof, mention may be made of human, bovine and murine bFGFs. 
Especially, polypeptides which includes the amino acid sequence represented as follows: 

Phe-Phe-Leu-Arg-ne-ffisJ'ro-Asp-Gly-Arg-Val-Asp-^ly-Val-Ar^ 
Lys-Ser-Asp-Pro HI 

are preferable. 

More Specifically, polypeptide represented by the fomnula: 

Pro-Ala-Leu-Pro-<}lu-Asp-Gly[^ly-^er-Gly-Ala-Phe-Prc3H^^ 

Phe-Lys-Asp-Pro-Lys-Arg-LeuHTyr-Cy&-Lys-Asn-4jly^^ 

Ar|-ne-His-Pro-Asp-Gly-Arg-Val-Asp-Gly-Val-Arg-Glu-Lys-Se 

ProfHis-ne4iys-Leu-Gln-Leu-Gln-Ma-Glu-Glu-ArgJGrly-Val-Val-^ 

neiiys-Gly-Vaifdys-Ala-Asn-Arg-T^-Leu-^ 

Arg-Leu-Leu-Ak-5er-Lys-Cys-Val-Thr-Asp-Glu-Cy»-Ph^^^ 

Arg-Leu-Glu--Ser~Asn-Asn-Tyr-Asn-Thr-Tyr-Arg-Ser-Arg-Lys-Tyr-X- 

Ser-Trp-Tyr-Val-Ala-Leu-Lys-Arg-Thr-Gly-Gln-Tyr-Lys-Leu-431y-Y^^ 

Lys-Thr-jGly-Pro-Gly^Sln-Lys-Ala-ne-Leu-Phe-Leu-Pro-M 

Lys-Ser, m 

in which X represents Thr or Sen when X is Thr, Y represents Sar, and when X is Ser. Y represents Pro, 
is preferable. 

More specifically, polypeptide containing the amino acid sequence: 

Pro-Ala-Leu-Pro-Glu-Asp-Gly^Jly-Gly-Ala-Phe-Pro-Pro-Gly-His-Plie- 

Lys-Asp-Pro-Lys-Arg-Leu-Tyr-^y&-Lys-Am-Gly-<xly-Phe-Ph^ 

He-His-Pro-AsiMjly-Arg-Val-Asp-Gly-Val-Arg-^lu-Lys-Ser-As 

ms-Val-Ly&-Leu--Gln-Leu-^ln-Ala-^lu-<31u-Arg-Gly-Val-Val-5er^^ 

Lys-4]^ly-Val-Cys-Ala-Asn-Arg-T^-Leu-Ala-Met-Lys-Glu-Asp^ 

Leu-Leu-Ma-Ser-Lys-Cys-Val-Thr-Glu-^lu-4:!ys-Phe-Phe-Phe-Glu-A^^ 

Leu-Glu-^er-Asn-Asn-Tyr-Asn-Tlir-Tyr-Arg-Ser-Ai^-Lys-T^ 

TiT)-Tyr-Val-Ala~Leu-Lys-Arg-Thr-Gly-Gln-iyr-Lys-Leu-Gly--Ser-Lys- 

Thr-Gly-Pro-Gly-Gln-Lys-Ala-ne-Leu-Phe-Leu-Pro-Met-Ser-Ala-LyS' 

Ser 

is preferable. 

The mutein of the present invention essentially has the amino acid sequence of the original peptide or 
protein; as such variations, there may be mentioned an addition of amino acid{8), deletion of constituent 
amino acid(s) and substitution of constituent amino acid(s) by other amino acld{s). 

Such addition of amino acid includes addition of at least one amino acid. 

Such deletion of constituent amino acid includes deletion of at least one bFGF-constituent amino acid. 

Such substitution of constituent amino acid by other amino acids includes substitution of at least one 
bFGF-constituent amino acid by other amino acid. 

The at least one amino acid in the mutein which has at least one amino acid added to bFGF excludes 
methionine deriving from initiation codon used for peptide expression and signal peptide. 
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jSs indudQ those deriving from humans. 

Amino acid sequences of such bovine aFGFs include: 



NH2-Phe-Asn-Leu-Pro-Leu-Gly-Asn-Tyr-Lys-Lys-Pro-Lys-Leu-Leu- 

Tyr-Cys-Ser-Asn-Gly-'Gly-Tyr-Phe-Leu-Arg-ne-Leu-Pro-A^^ 

Val-Asp-Gly-Thr-Lys-Asp-Arg-Ser-Asp4}lix-ffis-ne4}ln-Leu-Gln^^ 

Cys-Ala-Glu-Ser-ne-^ly-Glu-Val-Tyr-ne-Lys-5er-Thr-Gl^ 

Gln-Phe-Leu-Ala-MeUAsp-Thr-Asp-Gly-Leu-Leu-T^^ 

Pro-Asn-Glu-Glu-Cys-Leu-Phe-Leu-Glu-Arg-Leu-Glu-Glu-Asn-His- 

lyr-Asn-Thr-Tyr-Ile-^er-Lys-Lys-His-Ala-Glu-Lys-His-Trp-Pfa 

Gly-Leu-Lys-Lys-Asn-Gly-Arg-Ser-Lys-Leu-Gly-Pro-Arg-Thr-His-Phe- 

Gly-Gln-Lys-Ala-De-Leu-Phe-I^u-Pro-Leu-Pro-Val-Ser-Ser-Asp-COOH 



NHz-Met-Ala-Lys-Val-Pro-Asp-Met-Phe-Glu-Asp-Leu-Lys-Asn-Cys- 
Tyr-Ser-Glu-Asn-Glu-Glu-Asp-Ser-Ser-Ser-ne-Asp-His-Leu-Ser-Leu- 
Asn-Gla-Lys-Ser-Phe-Tyr-His-Val-^er-Tyr-Gly-Pro-Leu-His-^ 
Cys-Met-Asp-Gln-Ser-Val-Ser-Leu-Ser-ne-Ser-Glu-Thr-Ser-Lys-Thr- 
Ser-Lys-LettJnir-Phe-Lys-Glu^r-Met^Val-Val-Val-Ala-Th^^ 
Lys-Val-Leu-Lys-Ly&-Arg-Arg-Uu-^er-Leu-S€r451n--Ser-ne-Thr-Asp^ 
Asp-Asp-Leu-^lu-Ala-ne-Ala-Asn-Asp-Ser-Glu-<}lu451u-ne^^^ 1- 



Pro-Arg-Ser-Ala-Pro-Phe-Ser-Phe-Leu-Ser-Asn-Val-Lys-Tyr-Asn-Phe- 

Metr-Ai^-ne-ne-Lys-Tyr-Glu-Phe-ne-Leu-Asn-Asp-Ala-Leu-Asn-4}ln^ 

Ser-ne-ne-Arg-Ala-Asn-Asp-^Sln-Tyr-Leu-Thr-Ala-Ala-Ala-Leu-^^ 

Asn-Leu-Asp-Glu~Ak-Val-Lys-^he-Asp-Melr^ly-Ala-T^^ 

Lys-Asp-Asp-Ala-Lys-Ile-Thr-Val-ne-Leu-Arg-ne-Ser-Lys-Thr-^^ 

Leu-Tyr-Val-Thr-Ak-Gln-Asp-^lu-Asp-Gln-Pro-Val-Leu-Leu-Ly^ 

Met-Pro451u-Ile-Pro-Lys-Thr-Ile-Thr-Gly--Ser4Jlu-Thr-Asn-Le 

Phe-PheJI^-Glu-Thr-ffis-Gly-Thr-Lys-Asn-Tyr-Phe-^ 

ms-Pro-Asn-Leu-Pke-ne-Ala-Thr-Lys-Gln-Asp-Tyr-Trp-Val-Cys-Leu^ 

Ala-Gly-Gly-Pro-Pro-Ser-ne-Thr-Asp-Phe-Gln-ne-Leu-Glu-Asn-Gln- 

Ala-COOH 



Amino acid sequences of human IL1-a include: 
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Amino acid sequences of human IL1-j5 include: 



NH2-Met-Ala--Glu-Val-Pro-Glu-Leu-Ala-Ser-Glu-Met-Met-Ala-Tyr- 

T^-Ser-Gly-Asn-^lu-Asp-Asp-Leu-Phe-Phe-Glu-Ala-Asp--Gly--I^<^^ 

Gln-Met-Lys-Cys-Ser-Phe-Gln-Asp-Leu-Asp-Leu-Cys-Pro-Leu-Asp- 

Gly-Gly-Ile-Gln-Leu-Arg-Ile-Ser-Asp-His-His-Tyr-Ser-Lys-Gly-Plie- 

Arg-^ln-Ak-Ala-Ser-Vd--Vai-Val-Ala-Met-Asp-Lys-Leu--Arg-Lys-Met- 

Leu-Val-Pro-Cys-Pro-Gln-Thr-Phe-Gln-Glu-Asn-Asp-Leu-Ser-Thr-Phe-- 

Phe-Pro-Phe-fle-Phe-Glu-Glu-^alu-Pro-ne-Phe-Phe-Asp-Tlir-Trp- 

Asn^jlu-Ala-Tyr-Val-ffis-Asp-Ak-Pro-Val-Arg-^er-Leu-Asn-Cy^^ 

Leu-Arg-Asp-Ser-Gln-Gln-Lys-Ser-Leu-Val-Met-Ser-Gly-Pro-Tyr^jk^ 

Leu-Lys-Ma-Leu-His-Leu-Gln-Gly-^ln-Asp-Met-Glu-Gh-Gln-Val-^^ 

Phe-Ser-Met>-Ser-Phe-Val-Gln~Gly~Glu-Glu-Ser-Asn-Asp-Lys-Ile-Pro- 

Val-Ala-Leu-Gly-Leu-Lys-Glu-Lys-Asn-Leu-Tyr-Leu-Ser-Cys-Val-Leu- 

Lys-Asp-Asp-Lys-Pro-Thr-Leu-^aln-Uu-Glu-Ser-Val-Asp-Pro-Lys-Asn- 

Tyr-Pro-Lys-Lys-Lys-Met-Glu-Lys-Arg-Phe-Val-Phe-Asn-Lys-Ile-Glu- 

ne-Astt-Asn-Ly&-Leu-Glu-Phe4}lu-Ser-Ma-451n-Phe-Pro-Asn-Trp-Tyr^ 

ne-Ser-Thr-Ser-Gln-Ala-Glu-Asn-Meir-Pro-Val-Phe-Leu-^^^ 

Lys431y-^ly-Gln-Asp-ne-Thr-Asp-Phe-Thr-Metr-Gln-Phe~Val-5 

COOH 



Amino acid sequences encoded to int-2 include: 
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NH2-Mei-Gly-Leu-ne-Trp-Leu-Leu--Leu-Leu-Ser-Leu-Leu-Glu-Pro-Ser- 

Trp-Pro^T^r-Thr-Gly-Pro-Gly-Thr-Arg-Leu-Arg-Arg-As^ 

Arg-^ly-Gly-Val-Tyr4}lu-ffis-Leu-Gly-Gly-Ala-Pro-Ar^^ 

Leu-Tyr-Cys-Ala-Thr-Lys-Tyr-His-Leu-4}ln-Leu-His-Pro^^ 

Val-Asn-Gly-Ser-Leu-.Glu-Asii-Ser-Ala-Tyr-Ser-Ile-Leu-Glu-Ile-Tlir- 

Ala-Val--Glu-Vd-4}ly-Val-Val-Ak-Ile-Lys-Gly-Leu-Phe-Ser-Gly-^ 

Tyr-Leu-Ma-Met-Asn-Lys-Arg-Gly-Arg-Leu-Tyr-Ma-Ser-^^ 

Asn-Ala-Glu-Cys-Glu-Phe-Vd-<51u-Arg-ne-His-Glu-Leu-Gly-TF^ 

Thr-lVr-Ala-Ser-Arg-Leu-Tyr-Arg-Thr-Gly-Ser-5er-Gly^^ 

Gln-Arg-<>ln-Pro-^ly-Ala-Gln-Arg~Pro-Trp-T^^ 

Lys-Gly-Arg-Pr(HArg-Arg-^ly-Phe-Lys-Thr-Arg-Arg-T^^ 

Ser-Leu-Phe-Leu-Pro-Arg-Val-Leu-^ly-ffis-Lys-Asp-His-G 

Arg-Leu-Leu-^ln-Ser-Ser-Gln-Pro-Arg-AlarPro4}ly-Glu-^^^ 

Pro-Arg-Gln-Arg-Arg-Gln-Lys-Lys-Gln-Ser-Pro-Gly-Asp-His^^^ 

Met-Glu-Thr-Leu-^er-Thr-Arg-Ala-Thr-Pro-^er-Thr^^ 

Gly-Gly-Leu-Ala-Val-Ala-COOH 

As for the number of deleted bFGF-constituent amino acids in the present mutein wliich lacks at least 
bFGF-constituent amino acid, it may be any one. as long as any characteristic of bFGF if not lost. 

As examples of such deleted constituent amino acids, mention may be made of: 
the deletion of amino acids from amino terminal or carboxyi terminal: 
the 10 residues in the amino terminal of human bFGF: 

Met-Pro-AIa-Leu-Pro-Glu-Asp-Gly-Gly-Ser 
the 14 residues in the amino terminal of human bFGF: 

Met-Pro-Ala-Leu-Pro-Glu-Asp-Gly-Gly-Ser-Gly-Ala-Phe-Pro 
the 41 residues In the amino terminal of human bFGF: 

1 2 3 4 41 
Met>-Pro-Ala«Leu- .... -Val 



or the 61 residues in the carboxyi temiinai of human bFGF: 



87 88 146147 
Lys-Cy&- -Lys-Ser 



As for the number of at least 1 bFGF-constituent amino acids before substHuton in mutein which has at 
least 1 bFGF-constituent amino acid substituted by other amino acids, it may be any one. as long as any 
characteristic of bFGF is not lost. ^ ^ a 

As examples of constituent amino acids before substitution, mention may be made of cysteine and 
amino acids other than cysteine. Cysteine is preferable. As the constituent amino acid other than cysteine 
before substitution, there may be mentioned aspartic acid, arginine. glycine, serine, valine and so forth. 

When the constituent amino acid before substitution is cysteine, for substituted amino acids are 
preferable, for example, neutral amino acids. As specific examples of such neutral amino acids, mention 
may be made of glycine, valine, alanine, leucine, isoleucine. tyrosine, phenylalanine, histidlne. tryptophan, 
serine, threonine and methionine. Specifically, serine and threonine are preferable. 
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When the constituent amino acid before substitution is any one other than cysteine, for other 
substituted amino acids are selected amino acids which are different from the amino add before 
substitution in a property such as hydrophiiicity, hydrophobicity or electric charge. 

When the constituent amino acid before substitution is aspartic acid, substituted amino acids include 
asparaglne. threonine, valine, phenylalanine and arginine: asparagine and arginine are preferable. 

When the constituent amino acid before substitution is arginine. substituted amino adds include 
glutamine. threonine, leucine, phenylalanine and aspartic acid; glutamine Is preferable. 

When the constituent amino acid before substitution is glycine, substituted amino adds include 
threonine, leucine, phenilalanine, serine, glutamic acid, and arginine; threonine is preferable. 

When the constituent amino acid before substitution is serine, substituted amino adds include 
methionine, alanine, leucine, eystelne. glutamine. arginine and aspartic acid; methionine is preferable. 

When the constituent amino acid before substitution is valine, substituted amino acids include serine, 
leudne, proline, glycine, lysine, and aspartic add; serine is preferable. 

As the constituent amino acid before substitution, aspartic acid, arginine, glycine, serine and valine are 
preferred. 

As the substituted amino acid, asparagine, glutamine, arginine. threonine, methionine, senne, and 
leucine are preferred. 

As the preferred embodiment on the substitution in the mutein, a substitution of serine for cysteine Q3. 
cysteine is replaced by serine) Is most preferred. 

In said substitution, not less than 2 substitutions may be occurred, and two or three substitutions are 
prefeaed. 

The mutein of the present invention may be a combination of 2 or 3 of the above-mentioned additions, 
deletions and substitutions. 

In addition to conventional DNA recombination technique, site-directed mutagenesis is employed to 
produce the mutein of the present invention. "Hie said technique is well-known, and it is described in 
Genetic Engineering, Uther, R. F. and Lecoq, J. P., Academic Press, pp. 31 to 50 (1983). Mutagenesis 
directed to oligonucleotide is described in Genetic Engineering: Prindples and Methods, Smith, M. and 
Gillam, S., Plenum Press. Vol. 3. pp. 1 to 32 (1981). 

The production of the structural gone which encodes the mutein of the present invention is, for 
example, carried out by: 

(a) hybridizing with a mutagenic oligonucleotide primer a single-stranded DNA comprising 1 strand of 
the structural gene of bFGF, 

(b) elongating the primer using DNA polymerase to form a mutational heteroduplex, and 

(c) replicating this mutation heteroduplex. 

i The size of oligonucleotide primer depends upon conditions essential to stable hybridization of the 
primer to the gene region to which mutation is to be introduced, and upon limitations in currently available 
methods of oligonucleotide synthesis. The factors to be considered in designing the oligonudeotide 
intended for the use for mutagenesis directed by the oligonudeotide (e.g., the overall size of the nucleotide 
and the size of the mismatching portion at the mutation site) are described by Smith. M. and Gillam, S. in 

I the above-mentioned literature. In general, the overall length of the oligonudeotide is adjusted to such 
length that stable and unique hybridization at the mutation site is optimized, and the extensions between the 
mutation site and the 5'-and 3'-tenninals are provided with suffident sizes to prevent mutation editing due to 
the exonuclease activity of DNA polymerase. 

The oligonucleotides used for mutagenesis in accordance with the present invention nonnally contein 

5 some 12 to 24 bases, preferably 14 to 20 bases, and more preferably 14 to 18 bases. These normally 
contan at least about 3 base 3'-terminal of the codons to be changed. 

For the purpose of obtaining, for example, a mutein having an added amino acid, a mutagenic bR3F 
gene is produced by synthesizing the gene whidi encodes the amino acid sequence to be added, and, 
directly or after fragmentation by digestion with restriction enzyme, inserting or adding to into an 

0 appropriate site in the bFGF gene using DNA ligase. When any suitable restriction enzyme recognition site 
Is not present in the bFGF gene, restriction enzyme recognition sites may be produced by the above- 
mentioned site-directed mutagenesis. 

For the purpose of obtaining, for example, a mutein lacking bFGF-constituent amino acids, a mutagenic 
bFGF gene is produced in 3 different ways. In one of the 3 cases, the amino temninal of bFGF is deleted; in 

a another case, a central region of bFGF is deleted; and in the remaining one case, the carboxyl tenninal is 
deleted. 

In the case of deletion of the amino tenninal. a codon of the gene which encodes the carboxyl tenninal 
of the amino add sequence to be deleted is changed to the Wef-encoding codon ATG by site<lirected 
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mutagenesis, and the codon has an appropriate restriction enzyme recognition site produced in the 5'- 

terminal side thereof to facilitate its ligation to the promoter. 

In the case of deletion a central region of tfie amino acid sequence, a unique restriction enzyme 

recognition site is produced, by site-directed mutagenesis, in each of the 5'-terminal and 3-terminai sides of 
5 the gene which encodes the sequence to be deleted, and the relevant gene is cleaved off from the gene by 

enzymatic digestion, and this is followed by re-ligation of the remaining 2 gene fragments to construct the 

desired gene which encodes bFGF lacl<ing the specified amino acids. It is of course necessary not to shift 

the reading frame due to the digestion with the restriction enzymes. 

In the case of deletion of an amino add sequence in the carboxyl terminal side, a codon of the gene 
70 which encodes amino-temiinal amino acids of the sequence to be deleted is changed to a stop codon by 

site-directed mutagenesis. 

For the purpose of obtaining a mutein which has had the constituent amino acid cysteine substituted, a 
mutagenic bFGF gene is produced by eliminating, for example, the Cys-expression codon or inducing site- 
directed mutagenesis in the Cys-expression codon TGC or TGT using a synthetic nucleotide primer which 
IS so changes the codon that it encodes a different amino acid. A primer is hybridized with a sense chain of 
the FGF gene, for example, to change cysteine (26-position) of human bFGF to serine. As an appropriate 
nucleotide primer, there may be mentioned, lor example, 5'.CGTTCTTGCTGTAQA6CCGCT-3'. in which the 
underiined triplet represents the changed codon. 

As an appropriate primer in changing cysteine (70-position) to serine, there may be mentioned 5'- 
20 AACGATTAGCGCTCACTC-3', in which the underiined triplet represents the changed codon. 

As an appropriate primer for changing cysteine (88-position) to serine, there may be mentioned 5'- 
GTAACAGACTTAGAAGCTAGT-3'. in which the underlined triplet represents the changed codon. 

As an appropriate primer for changing cysteine (93-position) to serine, there may be mentioned 5- 
TCGAAGAAGAAAGACTCATCC-3', in which the underiined triplet represents the changed codon. 
25 In the case of Cys (26-position). cysteine d«nges to serine via T-A transpostition of the 1st base; in 
the case of Cy$ (70-position), cysteine changes to serine via T-*A transposition of the 1st base and T-*C 
transposition of the 2nd base; and in the case of Cys (88-position, 93-position). cysteine changes to serine 
via G-*C transposition of the 2nd base. 

It should be noted that, in producing bFGF mutein protein by site-directed mutagenesis, 2 or more 
30 variations may be induced in the DNA sequence, that is, the DNA codons corresponding to the amino acids 
have degenerated. 

For the purpose of obtaining a mutein which has had a constituent amino acid other than cysteine 
substituted by another amino acid, a mutagenic bFGF gene is produced by changing a codon using an 
oligonucleotide primer in the same manner as with cysteine. 

35 The design of oligonucleotide primer of course varies with which amino acid is to be changed. 

The primer is hybridized to a single-stranded phage resulting from cloning of a single strand of the 
bFGF gene, such as IVI13 [Yanish-Perror. C. Vieira. and J. Messing. Gene. 33. 103-119 (1985): Messing, J.. 
Methods in Enzymology. 101. 20-78 (1983)1 Fd [R. Herrmann et al.. Molecular and General Genetics, T77, 
231 (1980)1 or * X 174 [M. Smith and S. Gillam. Genetic Engineering, Plenum Press, Vol. 3, pp. 1-32 

40 (1981)1. It is noted that the phage is capable of carrying either the sense chain or antisense chain of the 
gene. When the phage carries an antisense chain, in addition to discrepancies from the relevant codon 
detemiining a triplet which has encoded another amino acid, the primer may have discrepancies due to 
codon degeneracy from the sense chain region containing the codon to which mutation is to be induced. 
Similariy, when the phage canies a sense chain, the primer may not be complementary to the sense chain 

45 region containing the codon to which mutation is to be induced, as well as appropriate discrepancies from 
the triplet which pairs to the codon to be deleted. The conditions used for hybridization are described by M. 
Smith and S. Gillam in the above-mentioned literature. Temperature is nomnally between about O'C and 
70»C, more generally, between about 10'C and 50"C. After hybridization, the primer is elongated on the 
phage DNA by reaction with Escherichia coff DNA polymerasa I. T4 DNA polymerase, reverse transcriptase 

50 or other appropriate DNA polymerase. The resulting dsDNA is converted to a closed circular dsDNA by 
treatment with DNA ligase such as T4 DNA ligase. The DNA molecules containing single-strand regions can 
be decomposed by SI endonuclease treatment. 

The resulting mutational heteroduplex is used to transform an infectable host organism or cell. In the 
replicafion of the heteroduplex by the host progenies are produced from both chains. Following the 

55 replication, the mutant gene is isolated from a progeny of the mutant's chain, and is inserted in an 
^propriate vector, which is ften used to transform an appropriate host organism or cell. 

The phage DNA can-ying the mutational gene is then isolated, and incorporated in a plasmid. 

As examples of plasmids in which DNA is incorporated mention may be made of plasmlds deriving 
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from Escherichia coli such as pBR322 [Gene, 2. 95 (1977)]. pBR325 [Gene, 4, 121 (1978)], pUC12 (Gene, 
19. 259 (1982)] and pUCl3 (Gene. 19, 259 (1982)]; and plaamids deriving from Bacillus subtilis such as 
pUBIlO [Biochemical and Biophysical Research Communication. 112. 678 (1983)]; but any other plasmid 
can also be used, as long as it is replicated and held in the host. 
5 As methods of incorporation in plasmid, there may be mentioned, for example, the method described In 
Molecular Cloning. T. Maniatis et al., Cold Spring Harbor Laboratory, p. 239 (1982), etc. 

The cloned gene is ligated to the downstream of a promoter in a suitable vehicle (vector) for expression 
to obtain an expression vector. 

Vectors include the above-mentioned plasmids deriving from Escherichia coli (e.g., pBR322, pBR32S, 
10 pUCl2 and pUCl3), plasmids deriving from 8ac/y/us subtilis (e.g., pUBllO, pTP5 and pCl94), plasmids 
deriving from yeast (e.g.. pSH19 and pSH15), bacteriophages such as X phage, and animal vinjses such as 
retrovirus and vaccinia vims. 

The said gene may have ATG as a translation initiation codon at its S'-terminal. and may also have TAA. 
TGA or TAG as a translation temnlnation codon at its 3-tenninal. For the purpose of expression of the said 
/5 gene. a.promoter is ligated to the upstream thereof. Any promoter can be used for the present invention, as 
long as it appropriately corresponds to the host used for the gene expression. 

When the host for transformation is a bacterium of the genus Escherichia, trp promoter, lac promoter, 
rec A promoter, XPl promoter. Ipp promoter, etc. are appropriate; when the host is a bacterium of the 
genus Bacillus, SPOl promoter. SP02 promoter, pertP promoter etc. are appropriate; when the host is a 
so yeast. PH05 promoter, PGK promoter, GAP promoter. ADH promoter, etc. are appropriate. Specifically, it is 
preferable that the host be a bacterium of the genus Escherk^ia. and the pronrwter be trp promoter or XPl 
promoter. 

When the host is an animal cell, appropriate promoters include promoters deriving from SV40 and 
• retrovirus promoters; specifically, promoters deriving from SV40 are preferable. 
25 Using the vector thus constructed, which contains a recombinant DNA having a mutein-encoding base 
sequence, a transformant is produced. 

As hosts, there may be mentioned, for example, bacteria of the genus EscherkJiia. bacteria of the 
genus Bacillus, yeasts, animal cells, etc. 

As examples of said bacteria of the genus Escherichia, mention may be made of Escherichia coli 
30 K12DH1 [Proc. Natl. Acad. Sci. USA, 60. 160 (1968)]. JM103 [Nucleic acids Research, 9. 309 (1981)], 
JA221 [Journal of Molecular Biology, 120, 517 (1978)], HB101 [Journal of Molecular Biology. 41, 459 
(1989)]. C600 [Genetics. 39. 440 (1954)] and MM294 [Proc. Natl. Acad. Scl, USA. 73. 4174 (1976)]. 

As examples of said bacteria of the genus Bacillus, mention may be made of Bacillus subtifis Mil 14 
[Gene. 24. 255 (1983)] and 207-21 [Journal of Biochemistry. 95 87 (1984)]. 
35 As examples of said yeasts, mention may be made of Saccharomyces cerevisiae AH22R~, NA 87-1 1 A 
and DKD-5D. 

As examples of animal ceils, mention may be made of simian cell COS-7, Vero, Chinese hamster ovary 
cell CIHO, mouse L-cell and human FL-ceil. 

The transfomiation of the above-mentioned bacteria of the genus Escherichia is carried out in 
40 accordance with, for example, the methods described in Proc, Natl. Acad. Sci. USA, 69. 2110 (1972). Gene, 
77. 107 (1982), etc. 

The transformation of bacteria of the genus Badllus is canried out in accordance vwth. for example, the 
methods described in Molecular and General Genetics. 168, 111 (1979) etc. 

The transformaHon of yeasts is carried out in accordance with, for example, the method described in 
45 Proc. Natl. Acad. Sci. USA, 75, 1929 (1978). 

The transformation of animal cells is carried out in accordance with, for eample, the method described 
in Virology. 52. 456 (1973). 

A transformant hariboring a vector containing a recombinant DNA having a mutein-encoding base 
sequence is thus obtained. 
so The said transformant is cultured in a medium to allow it to produce mutein. 

In culturing a transformant whose host is a bacterium of the genus EschericNa or flao/Wus, liquid 
method is appropriate for the cultivation, in which carbon sources, nitrogen sources, minerals, and other 
substances essential to the growth of the said transformant are contained. As carbon sources, there may be 
mentioned, for example, glucose, dextrin, soluble starch, sucrose, etc.; as nitrogen sources, there may be 
55 mentioned, for example, inorganic or organic substances such as ammonium salts, nitrates, com steep 
liquor, peptone, casein, meat extract, soybean cake and potato extract; as minerals, there may be 
mentioned, for example, calcium chloride, sodium dihydrogenphosphate and magnesium chloride. Yeasts 
extracts, vitamins, growth accelerators, etc. may also be added. 

9 
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40OC for about 6 to 24 hours, and. where necessary, aeration and/or agitaton are added. 

519 (1967)] and 199 medium IProceeding of the Soc^ ^ fn^aoTj^^^^ 

preferable that pH be about 6 to 8. Cultivation is nontially earned out at about 30 to 40 C for about 15 to o 

hours, and, where necessary, aeration and/or agitation are added. 

The separation and purification of mutein from the above^nenhoned culture can be earned out by. 

~ ""JZ^l methods ba^d «, *e dHferenoe "•^^^^-^tT T*™.^ 
performance liquid chromatography; ar«i mrthods based on the (Mfetence «> i»sl«*» P""' ^ 

"""l^f sSCt subiecSng «re above-meoBorred supernatant to loo^han,. chromatography 
y neJtri b>«er soluBon eud, as Tris, and collect the trBdion «^ 

^rr^srj!^riernrcS,re=ir- 

3 perfonnance liquid chromatography are particularly efficient 

?n this case. bFGF mutein can be ^covered as homogeneous product m "^r^^-^^^ J^^^^ 
case of the heparin-Sepharose column mentioned above, namely by applying the samp^ Jo « hep^n 
c^mn 1 an about neutral buffer, washing the column thoroughly and conducting elutlon on a linear 

. CSl:::dfc't' r"de up mto . powder form by dialysis .d .^^.a«on. To 

preserve ttie product v^th an added carrier (e.g. serum albumin) is desirable since the adsorpton of the 
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preservation, in order to prevent an oxidation of the product. 

As examples of the reducing agent, there are mentioned fl-mercaptoethanol. dithiothreitol. glutathione. 

In this way sul)stantially pure bFGF mutein protein can be obtained. The substantially pure bFGF 
mutein protein i:cording to this invention includes products whose bFGF mutein protein content is not less 
than 95% (w/w) and. more preferably, products whose bFGF mutein content is not less than 98% (w/w). 

The mutein thus obtained possesses fibroblast growth promoting activity, growth stimulating activity of 
capillary endothelial cells and angiogenic activity, has high stability and Is low In toxicity; therefore, it ran be 
used as a ftaling accelerator for bums, wounds, postoperative tissues, etc.. or as a therapeutic dnig based 
on its angiogenic action for thrombosis, arteriosclerosis, etc. It can also be used as a reagent for 
acceleration of cell cultivation. , ■ ■„ 

Especially, a mutein wherein at least one constituent cysteine is replaced by senne is prefenred, 
because the mutein is remarkably stable. ^ ■ 

The mutein according to the present invention, when used as a pharmaceutcal. can be s^ely 
administered parenterally or orally to wamft-blooded animals (e.g.. humans, mice. rats, hamsters, rabbits, 
dogs and cats) directly in a powder fonn or after preparing as a pharniaceuHcal composition (e.g.. injection, 
tablets, capsules, solutions and ointments) with other pharmacologically allowable carriers, exapients or 

The preparation of injection is carried out in accordance with a routine method using, for example, a 
physiological saline solution or an aqueous solution containing glucose and other auxiliary agents. Phar- 
maceutlcai compositions such as tablets and capsules can also be prepared In accordance with routine 

'"^t mutein according to the present invention, when used as any of the abovewnentioned phar- 
maceuticals, is. for example, administered to the above-mentioned wann-blooded animals in an appropriate 
amount selected in the range of from about 1 ng/kg to 100 ug/kg daily, taking note of the route of 
administration, symptoms, etc. 

The mutein according to the present inventton. when used as a reagent for accelerating ceil cultivation, 
is preferably added to the medium so that it is contained therein in an amount of about 0.01 to 10 u.g per 1 
liter of medium, more preferably about 0.1 to 1 0 ug per 1 liter of medium. 

The abbreviations for bases, amino acids, etc.. used in the present specification and the drawings, are 
based on the abbreviations specified by the lUPAC-lUB Commission on Biochemical Nomenclature or those 
used commonly in relevant fields, and instances thereof are listed below. When there Is a possibility of the 
presence of an optical isomer In amino acids, the isomer is an L^xxJy unless othenirise specified. 

DNA : Deoxyribonucleic acid 

cDNA : Complementary deoxyribonucleic acid 

A : Adenine 

T : Thymine 

Q : Guanine 

C : Cytosine 

RNA : Ribonucleic acid 

dATP : Deoxyadenosine triphosphate 

dTTP : Deoxythymidine triphosphate 

dGTP : Deoxyguanosine triphosphate 

dCTP : IDeoxycytidine triphosphate 

ATP : Adenosine triphosphate 

Tdr : Thymidine 

EDTA : Ethylenediaminetetraacetic add 
SOS : Sodium dodecyl sulfate 
Gly : Glycine 
Ala : Alanine 
Val 1 Valine 
Leu : leucine 
lie : Isoleucine 
Ser : Serine 
i Thr : Threonine 
Cys : Cysteine 
Met : Mettiionine 
Glu : Gtutamk: acid 
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Asp : Aspartic acid 
Lys : Lysine 
Arg : Arginine 
His : Histidine 
Phe : Phenylalanine 
Tyr : Tyrosine 
Trp : Tryptophan 
Pro : Proline 
Asn : Asparagine 



Gin : Qlutamine numbering the human bFGF-constituent amino acids. 

below «m depo*d at me «tuje ^^^'^.^^eS^f MnS °1 International Trade and 
Rosoarch Institute, Agency of Industriel a^ iTdS'daMTown in Table 1 (The deposit 

industry (FRI). Japan under the ^^^^"•.X'"^ "^'^'^Trf m S number denotes the 
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The following hybridomas which were produced in the Example 35{3)(d) mentioned below 
deposited at IFO since August 1 7, 1 987 under the accession numbers indicated below. 
Mouse HbF 52 cell:lFO 50143 
IVIouse HbF 78 ceil:IFO 50144 



Brief Explanation of the Drawings 

Rgure 1 shows the base sequence which encodes human bFGF and the amino acid sequence 
deduced therefrom. ^ ^ e 

Figure 2 shows the synthetic oligomers used as primers to mutate Cys-encoding codons to ser- 
encoding codons. . ■ ^ w 

Rgure 3 shows the base sequence which encodes the human bFGF mutoin CS1, earned fay the 
plasmid pTB739 obtained in Example 2. and the amino acid sequence of the human bFGF mutein CS1. 
encoded tt)ereby. The mutated bases are underlined, and the region containing the converted amino acid is 
surrounded by the square. . ^ u 

Figure 4 shows the base sequence which encodes the human bFGF mutein CS2. earned by the 
plasmid pTB742 obtained in Example 3, and the amino acid sequence of the human bFGF mutein CS2, 
encoded thereby. The mutated bases are underlined, and the region containing the converted amino aad is 
surrounded by the square. . _i ^ i. *k 

Figure 5 shows the base sequence which encodes the human bFGF mutem CS3. carried by the 
plasmid pTB743 obtained in Example 4, and the amino acid sequence of the human bFGF mutein CS3. 
encoded thereby. The mutated bases are underlined, and the region containing the converted amino add Is 
surrounded by the square. . . u *u 

Figure 6 shows the base sequence which encodes the human bFGF mutein CS4. earned by the 
plasmid pTB744 obtained in Example 5, and the amino acid sequence of the human bFGF mutein CS4, 
encoded thereby. The mutated bases are underlined, and the region containing the converted ammo aad is 
surrounded by the square. 

Figure 7 shows the construction scheme of the plasmid pTB739 in Example 2 (1). 
Figure 8 shows the construction scheme of the plasmid pTB742 in Example 3 (1). 
Figure 9 shows the construction scheme of the plasmid pTB743 in Example 4 (1). 
Figure 10 shows the constmction scheme of the plasmid pTB744 in Example 5 (1). 
Figure 11 shows the base sequence which encodes the human bFGF mutein CS23. carried by the 
plasmid pTB762 obtained in Example 7. and the amino add sequence of the human bFGF mutein CS23. 
encoded thereby. The mutated bases are underlined, and the regions containing either of the converted 
amino acids are surrounded by the squares. 

Figure 12 shows the construction chart of the plasmid pTB762 in Example 7 (1). 
Figure 13 shows the base sequence which encodes the human bFGF mutein CS123. carried by the 
plasmid pTB764 obtained in Example 9, and the amino acid sequence of the human bFGF mutein CS123 
encoded thereby. The mutated bases are underlined, and the regions containing any of the converted 
amino adds are surrounded by the squares. 

Rgure 14 shows the constnjction scheme of the plasmid pTB764 in Example 9 (1). 
Rgure 15 shows the base sequence which encodes the human bFGF mutein GS1234. canied by the 
plasmid pTB765 obtained in Example 11 and the amino acid sequence of the human bFGF mutein GS1234, 
coded thereby. The mutated bases are underlined, and the regions containing any of the converted ammo 
acids are surrounded by the squares. 

Rgure 16 shows the construction scheme of the plasmid pTB765 in Example 1 1 (1). 
Rgure 17 shows the base sequence which encodes the human bFGF mutein CS12. carried by the 
plasmid pTB776 obtained In Example 15, and the amino acid sequence of the human bFGF mutein CS12, 
encoded thereby. The mutated bases are underlined, and the regions containing either of the converted 
amino adds are surrounded by the squares. 

Rgure 18 shows the constnjction scheme of the plasmid pTB776 in Example 15 (1). 
Rgure 19 shows the base sequence which encodes the human bFGF mutein CS24, carried by the 
plasmid pTB778 obtained in Example 16. and the amino acid sequence of the human bFGF mutein CS24, 
encoded thereby. The mutated bases are underlined, and the regions containing either of the converted 
amino adds are surrounded by the squares. 

Rgure 20 shows the constmction scheme of the plasmid pTB778 In Example 16 (1). 
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Rgure 21 shows the base sequence which encodes the human bFGF mute.n CSJS '^J 
Dlasmid PTB779 obtained in Example 17. and the amino acid sequence of the human bFGF mutem CSU 
Sed toeby. The mutated bases are underlined, and the regions containing either of the converted 
amino acids are surrounded by the squares. •« cv,mni« i7 

Rgure 22 shows the construction scheme of the plasm.d pTB779 in ^^mple 17 (1). 

Rgure 23 shows the base sequence which encodes the human bFGF mutein CSH ^^f/^ 
plasmid PTB763 obtained in Example 18. and the amino acid sequence of the f'^'^^^^^''^^^? *^^^^^^^^ 
SLed thereby. The mutated bases are underiined. and the regions containing either of the converted 
amino acids are surrounded by the squares. c,„„,^iq/i\ 

Rgure 24 shows the construction scheme of the plasmid pTB763 ^V^mpte 8 (1^ 

Rgure 25 shows the base sequence which encodes the human bFGF mute.n CSH (^^d by *e 
plasmid PTB777 Obtained in Example 19. and the amino acid sequence of the ^"-"^^^P^J "^f^^^^^^ 
encoded thereby. The mutated bases are underiined. and the regions containing either of the converted 
amino acids are surrounded by the squares. , .^mv 

Rgure 26 shows the construction scheme of the plasmid pT8777 in Example 19 (1). 

Rgure 27 shows the base sequence which encodes the human bFGF mutein 
plasmid PTB782 obtaned in Exampte 20. and the amino add sequence of the human bFGF mu^in C^m 
encoded thereby. The mutated bases are underlined, and the regions containing any of the converted 
amino acids are surrounded by the squares. ,«.rmi 

Roure 28 shows the constmction scheme of the plasmid pTB782 in Example 16(1). 

Figu^ 29 Shows the base sequence which encodes the human bFGF mutein ^^^^'^^^^f^ 
plasmid PTB780 obtained in Example 21. and the amino acid sequence of the human b^QF 7^«^^J^ 
encoded thereby. THe mutated bases are underiined. and the regions containing any of the converted 
amino adds are surrounded by the squares. ^ i^o^/hx 

Rgure 30 shows the constmction scheme of the plasmid pTB780 in Example 21 (1). . 

Rgure 31 Shows the base sequence which encodes the human bFGF mutein C^m. carn«l> 
plasmid PTB781 obtained in Example 22. and the amino add sequence of the human b^GF mirtem^m 
encoded thereby. Tlie mutated bases are underiined. and the regions containing any of the converted 
amino acids are surrounded by the squares. c.„,„„,«, « 

Rgure 32 shows the constwclion scheme of the plasmid pTB781 in Exarnple 22 0)^ 

Rguies 33 to 35 show the high perfom^ance liquid chromatography elution patterns of the muteins 

°''^tgureT^oi'"t^^ high performance liquid chromatography elution patterns of the mutein oxides 
^'^''X" eTslTthe high performance liquid chromatography elution patterns of the mutein reduction 

products obtained in Example 26. «„««winr, nuAo 

Rgure 38 shows the synthetic oligomers used as primers to prepare "'•^ein-encoding DMAs _ 

rL 39 shows the base sequence of the phage M13-PN10 obtained in Example 27 and ^e ammo, 
add sequence of mutein TW910 encoded thereby, the mutein TM910 being obtained in E)«mple 32. 

Rgure 40 shows the base sequence of the phase M13-PN14 obtained in Example 27 and the amino 
add sequence of mutein N14 encoded thereby, the mutein N14 being obtained in Example 34 

l^gure 41 shows the base sequence of the phage M13-PC86 obtained in ^ample 27 and the amino 
add sequence of mutein C86 encoded thereby, the mutein C86 being obtained in Example 35 

Rgure 42 shows the base sequence of the phage M13-PDN42 obtained Ui ^P^J.f ^''^ 
amino acid sequence of mutein DI^2 encoded theroby. the mutein DN42 being obtained in E^'^PteJ^. 

Rgure 43 shows the base sequence of the phage M13-PRQ45 obtained in Example 27 and the 
amino acid sequence of mutein RQ45 encoded thereby, the mutein RQ45 being obtain^l in ^^^"^^l^- 

Rgure 44 shows the base sequence of the phage M13-PNR42 obtained in ^xam^^ ^8 and the 
amino acid sequence of mutein NR42 encoded thereby, the mutein NR42 being obtained in Bcample 38. 

FigtrJs shTw^ till stabiOty of the human bFGF muteins CS2. CS3 and CS23. obtained in Example 



29. 



Rgure 46 shows the construction scheme of the plasmid pTB854 in Example 32. 
Rgure 47 shows the construction , scheme of the plasmid pTBa52 in B«mple 33. 
Rgure 48. shows the base sequence which encodes the human bFGF mutein N10. <»med by the 
plasmid pTBa52 obtained in Example 33. and the amino acid sequence of the mutein NIO encoded 
thereby, the mutein NIO being obtained in Example 33. The mutated bases are underlined. 
Figure 49 shows the construction scheme of the plasmid pTB795 in Example 34. 
Figure 50 shows the construction scheme of the plasmid pTB798 in Example 35. 
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Rgure 51 shows the construction scheme of the plasmid pTB797 in Example 36. 

Rgure 52 shows the construction scheme of the plasmid pTB799 in Example 37. 

Figure 53 shows the construction scheme of the plasmid pTB798 in Example 38. 

Figure 54 shows the base sequence which encodes the human bFQF mutein FINT. carried by the 
5 plasmid PTB863 obtained in Example 39. and the amino acid sequence of the mutem FINT encoded 
thereby, the mutein FINT being obtained in Example 39. The mutated bases are underlined. 

Figure 55 shows the construction scheme of the plasmid pTB853 in Example 39. 

Figure 56 shows the construction scheme of the plasmid pTB855 in Example 40. 

Figure 57 shows the base sequence which encodes the human bFGF mutein N41 carried by the 
to plasmid pTB855 obtained in Example 40. and the amino acid sequence of the mutetn N41 encoded 
thereby, the mutein N4i being obtained in Example 40. The mutated bases are underiined. 

Figure 58 shows the constmction scheme of the plasmid pTB856 in Example 41. 

Figure 59 shows the base sequence which encodes the human bPGF mutein CI 29 earned by the 
plasmid pTB856 obtained in Example 41. and the amino acid sequence of the mutein C129 encoded 
IS thereby, the mutein 01 29 being obtained in Example 41 . Tlie mutated bases are underiined. 

Rgure 60 shows the construction scheme of the plasmid pTB831 in Example 42. 



Reference Example 1 

(Construction of plasmid containing gene encoding human bFGF) 
(1) Isolation of cDNA-containing plasmid: 

25 A cDNA whose host is Escherichia coff x1776 and which was prepared by incorporating a primary 
culture cell mRNA deriving from human prepuce in pCD vector [refer to Okayama et al.. Molecular Cell 
Biology. 3. 280 (1983)] was supplied by Dr. Okayama at the National Institute of Child Health and Hunian 
Development. Bethesda. USA. From this DNA was extracted a plasmid DNA by the alkali mettrod [Bimboim. 
H. C. and Doly. J.. Nucleic Acids Research. 1, 1513 (1979)1. and this DNA was infected with Escherichia 
30 CO// DH1 to produce about 2^10' clones of a DNA library whose host is Escherichia coli DH1 . 

Said cDNA library using Escherichia coli DH1 was spread over 10 nitrocellulose filters (Millipore Inc.. 
U.S.A. HATF filters) in an amount of about 5 ^ 10* clones/filter, whereafter a total of 20 replica filters in 
pairs were prepared using the above 10 filters as the master filters. Escherichia coli cells on the replica 
filters were lysed with a 0.5N NaOH solution, and the exposed denatured plasmid DNA was immobilized to 
35 the filters [Grunstein. M. and Hogness. D. 8.. Proc. Natl. Acad. Scl. USA. 72. 3961 (1975)]. 

Separately, based on the amino acid Nos. 13 to 20 (Pro-Pro-Gly-His-Phe-Lys-Asp-Pro) and amino acid 
Nos 89 to 96 (Thr-Asp-Glu-Cys-Phe-Pha-Phe-Glu) on the amino acid sequence of bovine basic fibroblast 
growth factor as reported by F. Esch et al. (Proc. Natl. Acad. Sci. USA, 82. 6507 (1985)]. the base 
sequences corresponding to these amino acid sequences were chemically synthesized. (For some codons 
40 the 3rd letter was fixed arbitrarily. 5'QG A/G TC T/C TT A/Q AA A/Q TG6CCAGGAGG and 5TC A^G AA 
A/G AA A/G AA A/G CA T/C TCGTCGGT. respectively. The underlined letters represent the fixed bases). 
For each of these oligonucleotidei: reaction was carried out at 37»C for 1 hour in 50 Hi of a reaction liquid 
using T4 polynucleotide kinase (produced by Takara Shuzo Co.. Ltd.. Japan) [oligonucleotide 0.1 ug. 50niM 
Tris-HCI pH 8.0. ClOmM MgQ,. lOmM mercaptoethanol. 50 uCi r»P ATP {>5000Ci/mmole). 3 units of T4 
45 polynucleotkJe kinase] to label the 5'-temiinal of the oligonucleotidas with 32P. . . ^ « 

Using as probes the 2 oligonucleotides labeled in the above method, these were independently 
associated to a replica filter to which the DNA had been immobilized. Association reaction was earned out 
at 35»C for 16 hours in a solution of 5 ^ SSPE [180mM NaCI. lOmM NaH.PO. ImM EDTA (pH 7^4)] 5J< 
Oenhardfs solution. 0.1% SOS and 100 tigfiixM denatured salmon spenm DNA. containing 10 uCl of ttie 
so probe. After the reaction, the filter was washed with a 0.1% SDS solution of 5 ^ SSC [0.15M NaCl. 0.015M 
sodium citrate] at room temperature for 30 minutes 3 times, and then at 45'C for 30 minutes 2 times [T. 
Maniatis et al., Molecular Cloning, Cold Spring Harbor Laboratory, p. 309 (1982)]. 

Radioautograms were taken from the washed filters, and strains responding to both probes were 
searched for by overlapping the 2 radioautograms from each pair of replica filters. By this method. 1 strain 
55 responding to both probes [Escherichia coli K12 DH1/j)TB627 (IFO 14484. PERM BP-1280)] was obtained 
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r^rom ^ISTobt^ned in (1) above [Esc^erlcMa co// K12 DH1/pTB627 (,F0 

was Sacled and purified a plasmid DNA (pTB627) by the alk^i method [Nucleic Acids Research. 1, 1513 

(1979)]. 



Reference Example 2 

{Expression in Escherichia co// of gene which encodes human bFGF) 
(1 ) Construction of the plasmid pTB669 for human bFGF expression: 

^ISXqaTCTG using T4 DNA Sg«o, and aO.44 kb Ava^Bgl 11 ONA frajment »as s^rated. To 
.nt A«VS « DNA'tagment T4 DNA ligase «aa ™ao»d to llgate tcgeiher .1,. Bgl 1 ctoa^ 
tt Z ms was Mowed b, DNA poh,me,asa (Klenow tagnant) raacSon ,n the P^,^=51» 
Zi *e Ava 1 cleavage ate. To «a DNA fragment ,e,e Sgaled the aynthetc '^^^ 
TSCCAGCATTGC' and s'qCAATGCTGGCATAQ' aftef phosphorylation, using T4 DNA l.gase.»id this i^ 
^S^c^age using EcoR l-Bgl 1, to p.pare ^ a^ 0.46 ^°<^^,X^^ 
of Diasmid p(m781 [Kuiokawa. T. et al.. Nucleic Acids Research. 11. 3077-3085 (1983)1, ■mmn^up 
^oS wi dea-id using Pst I. and was Wun« by T4 DNA polymerase ^SL^^f 
M 11 linker pCAQATCTG to the blunt end by T4 DNA ligase leacUon. cleavage uang&oR 1-BSl « 
^"" ^10 separate an about 35 kb DNA fragment containing Irp promoter the <^'^'^^, 
^ .mJ a dasmid replication InWatton site. Ttie abovementioned 0.48 kb EcoR l-Bgl 11 DNA fragment 
r»lS le ^e ret— 9 ^ f «> ^'^ZT """^ ^ 

°Tr^n'tirp™rsr=^f~^^^ 

as iZ^ZS^ Escl«.iom cod- K12 M^429*pTB669 (IFO ,4532, f=ERM BP.,28,) and £ 00* 
C600/pTB669 were respectiveiy obtained. 



(2) Preparation of fajcterial cell extracts: 

Each of the abovennentioned transformants were cultured in an M9 -medium conteining 1% 9'"C0se^ 
0 4% casarnino add and 8 ug/ml tetracycline, and. when Klett value became about 200. 3fl-mdolylaayl.c 
e^^^^Z Ta concentration of 25 ug/m t . and *is was followed by 4 more h«.s of ^^A^^ 
TulLtion. bacterial cells were collected, and were suspended in a 10% sucmse so'"^^^^^"^^^^^^^^^ 
amount o 20mM Tris-HCI (pH 7.6). To this suspension were added phenylmethylsulfonyl fluonde (PMSF) to 
Tm EDTAriOmM. NaCl to 0.1M. spermidine hydrochloride to lOmM and lysozyme to mj^^ ■ 
every figure shows the final concentration), and the mixture was left at O'C for 45 mmirt^after whdi rt 
wrsuSd to ultrasonication for 30 seconds. This solution was ^f^'^J^ 
c^ilge. SS34 rotor) for 30 minutes to give a supernatant, which was used as a b«^rial cell extract 



(3) Human brGF activity of bacterial cell extracts: 

Human bFGF activities are indicated by the weights of the standard sample of ^^^^^J^^'fi;^ 
FGF (produced by Takara Shuzo Co.. Ltd.) in amounts equivalent to those of baclenal cell extracts m 
activity in growth promoting actipn on BALB/c3T3 cells. 

Mouse BALB/C3T3 cells, in an amount of 2 - 103 cells per well, were .nocutated to DMEM med um 
conS 5% calf serum on a Nunc 96-well microtiter plate (flat base) with each well containing 0.2 ml of 
5,e"^^ cultured. Next day the medium was replaced wrth a DMEM medium conte.n.ng 0.5% 
c^f seVum After 3 days of cultivation. 10 iH of a bacterial cell extract previously senally dM«l -n 5-fdd 
s^ps a DME medium containing 0.5% BSA, was added to each well, and was cultured. 20 hours later. 
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2 tH of 3H-Tdr (5 Ci/mmol, 0.5 mCi/ml RCC Amersham, UK) was added to each well. 6 hours later, cells 
were stripped by treatment with a phosphate-buffered solution (PBS) containing 0.2% trypsin-0.02% EDTA. 
and the cells were harvested onto a glass filter by means of a Titertech cell harvester, whereafter the 
amount of ^H-Tdr taken ia the cells was detemiined using a scintillation counter. Using the same procedure. 
5 determinations were made of the activities of bovine brain FGF samples (produced by Takara Shuzo) of 
known weight. From the working curve thus obtained, calculations were made of the amounts of human 
bFQF in the bacterial cell extract samples. The results are shown in Table 2. 

For control, the human bFGF productivity of the transfomiant £ cob' DH1/p</p781 obtained by 
transfomnation of Escherichia cdi DH1 using the plasmid p&p78l was determined. 



Table 2, Human bFGF Productivities 



rs 


Transformant 


Human bFGF Productivity 
(per liter of culture medium) 


20 


E.coKDHl/pTB669 


2.95 mg 




E.coUMM294/pTB669 


23.15 




E.coUC600/pTB669 


8.15 




E.coliDHl/ptrp781 


<0.0005 



Example 1 

(Production of recombinant DNAs containing mutein-encoding base sequence) 
(1) Cloning of M13 vector of human bFGF gene: 

The plasmid pTB669 obtained in Reference Example 2 was digested with the restriction enzymes 
EcoRI and BamHI. The phage vector M13mp8 [J. Messing. Methods, in Enzymology. 101, 20-78 (1983)] 
replicative-form (RF) DNA was digested with the restriction enzymes EcoRI and BamHI. and was mixed with 
the human bFGF DNA fragment deriving from the digested pTB669. The mixture was then ligated together 
by means of T4 DNA ligase; the ligated DNA was transftjrmed into an infectable cell of the strain £- 
scherichia coli JM105: the resulting transformant was inoculated onto a plate using Xgal as an indicator [J. 
Messing et al.. Nucleic Acids Research. 9, 309-321 (1981)]; the plaque containing the recombinant phage 
(white plaque) was picked up; the base sequence of the recombinated region was determined by the 
dideoxynucleotide synthetic chain ternfiinatlon method [J. Messing et al., Nucleic Acids Research, 9, 309 
(1981)]. whereby it was confirmed that human bFGF DNA had been accurately inserted. 

From this 1^/11 3-PO clone was purified a single-stranded phage DNA. which was then used as a template 
for site-directed mutagenesis using a synthetic oligonucleotide. 



(2) Site-specific mutagenesis: 

50 

In the presence of O.ImM adenosine triphosphate (ATP), 50mM Tris (hydroxymethyl)aminomethane 
hydrochloride (Tris-HCI, pH 8.0). lOmM MgCl,. 5mM dithiothreitol (DTT) and 9 units of T4 kinase, in a total 
amount of 50 V.L, 40 picomoles of the synthetic oligonucleotide: 
5' > CGT TOT TGC TGT AGA GCC GCT < 3' 

[primer for changing Cys 26 to Ser (the recognition sequence for the restriction enzyme Rsa I disappears.) 
(see Figure 2)] was treated with T4 kinase at 37*C for 1 hour. This kinase-treated primer (12 picomoles) 
was heated at 67''C for 5 minutes, and at 42'C for 25 minutes, in 50ut of a mixture containing 60mM 
NaCI. I.OmM Tris-HCI (pH 8.0). lOmM MgCl, and lOmM ^-mercaptoethanol. whereby the primer was 
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ATP and 2 units Of T4 ONA ,i,«o. raacSon c»ed ou.^J^ ^^m ^^T^ pr^^t wa= 

sKirdX^::'^r;4:rr^^ 

JM 105 cells: the resulting transformant ceUs were spread over an agar plate, and were cultured overnignt 
I to obtain phage plaques. 



I) Site-directed mutagenesis: 



Tl,e procedure of the above tem(2) was repeated birt •« used syntl»ti« oligoraioleotide prtmer was: 

^;rs^c™.^i;e«a.odon*.^ 
Of the restriction enzyme Hae II was produced.) (See Figure 2.) 



(4) Site-directed mutagenesis: 

The procedure of the atjove ten,) (2) was mpeated but the used eynthetlo otigorrudeotk). pinner was: 

. ^crsJ^^^°r,i"^^S;'codo„«ratthecod^^ 
for the restriction enzyme Alu I was produced.) (See Figure 2.) 



(5) Site-directed mutagenesis: 

The procedure of the above term (2) was repeated but the used synthetic oligonucteotide primer was: 

for the restriction enzyme Hint I was produced.) (See Figure 2.) 

35 

(6) Screening and identification of plaques made mutagenic: 

S in 03. NaOH, ..5M NaQ and D« Triton '<-"0. * ^M^^^re 

neuwtod bTkeeping them placed for 5 n«)re minutes on flter papers immersed in 0 51^ I"''*' 
neutraizea oy Kepm y j; ^^^tKi on filters immersed mi' SSC (standard 

a, dodecyl sulfate (SDS), 50mll« sodium phosphate-buffered solution having a pH-value >^7;°f^ Wm» 
S^^^mi, spL DMA. Hybridization was carried out at 42-0 to, 24 •'o^'^ - ^ jTr Sd" 
oUawudeotlde primen The filters were each washed in a buffer solution for washing «=naning 0.1 /. SDS 
STmtod amount of SSC at SO-C for 30 minutes. The filte« were then first washed with a buffer 
Sful c^rBinw a "ssC: the control filters, which contained unmutated MtWO plaques, were 

ss rx"«UaGe,ercoun.e,.«.,lest^,*e«du*^^ 
aers were washed un^l no^etect^^^^^^ 

~re:^e at'r^'C^S - c^ied out'^o, .0,000 mut.^ M,3.P0 a.. 100 
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unmutated control plaques using a kinase-treated oligonucleotide Qtobe. None of the control plaques 
hybridized to tlie probe, while 3 to 10 of the mutated M13-P0 plaques hybridized to the probe. 

One of the mutated M13-P0 plaques was taken, and was inoculated to a JM105 culture medium. From 
the supernatant an ssDNA was prepared, and from the bacterial cell pellets a double-stranded (ds) DNA 
was prepared. Analyses were made of the base sequences using appropriate oligonucleotide primers and 
ssDNAs. 

As a result, it was respectively confirmed that the TGC (Cys-26) codon had been changed to a TCT 
(Ser) codon; the TGT {Cys-70) codon, to an AGC (Set) codon; the TGT (Cys-88) codon. to a TCT (Sei) 
codon: and the TGT (Cys-9Z) codon, to a TCT (Ser) codon. 

Of the mutated M13-P0 phages, the phage in which the codon Cks-26 had become a Ser-encoding 
codon was named M13-P1: the phage in which the codon GyS'70 had become a Ser-encoding codon. M13- 
P2: the phage in which the codon Cys-as, M13-P3; and the phage in which the codon Cys-93 had become 
a Ser-encoding codon, M13-P4. 



Example 2 

(Expression in Escherichia coli of gene which encodes human bFGF mutein) 

(1) Construction of the plasmid pTB739 for human bFGF mutoin expression: . ^ 

The M13-P1 replicative form (RF) obtained in Example 1 above was cleaved using the restriction 
enzymes EcoR I and Pst I to obtain about 0.5 1* DNA fragment containing the region encoding human 
bFGF mutein. 

Separately, the plasmid p«fp781 (Kurokawa, T. et al.. Nucleic Acids Research. 11, 3077-3085 (1983)1 
ONA containing a trp promoter was cleaved using EcoR l-Pst I to separate an about 3.2 kb DNA fragment 
containing a trp promoter, a tetracycline resistance gene and a plasmid replication initiation site. The above- 
mentioned 0.5 kb EcoR l-Pst I DNA fragment containing the gene region encoding human bFGF mutein and 
this 3.2 kb DNA fragment were ligated together by T4 DNA ligase reaction to construct the plasmid pTB739 
for human bFGF mutein expression (Figure 7). 

Using this plasmid pTB739. Escherichia coli DH1 was transfomned, whereby the strain ^erichia coli 
DHl/pTB739 (IFO 14575. FERM BP-1641) was obtained, whtoh harbors the plasmid pTB739 containing the 
mutein-encoding gene shown in Figure 3. 

(2) Preparation of bacterial cell extract 

The above-mentioned transformant was cultured in an M9 medium containing 1% glucose. 0.4% 
casamino acid and 8 ug/ml tetracycline, and, when Klett value became about 200. 3i9-indolylacrylic acid 
was added to a concentration of 25 ug/ml. and this was fbltowed by cultivation for 4 more hours. After 
cultivation, bacterial ceils were collected, and were suspended in a 10% sucrose solution containing a 1/20 
amount of 20mM Tris-HCl (pH 7.6). To this suspension were added phenylmatiiylsulfbnyl fluoride (PMSF) to 
ImM, EDTA to lOmM. NaCI to 0AM, spermidine hydrochloride to lOmM and lysozyme to 100 ug/ml - 
(every figure shows the final concentration), and the mixture was left at O'C for 45 minutes, after which it 
was subjected to ultrasonlcation for 30 seconds. This solution was centrifuged at 18.000 rpm (Sorval 
centrifuge, SS34 rotor) for 30 minutes to give a supernatant which was tiien used as a bacterial cell extract. 



(3) Human bFGF activity of the bacterial cell extract: 

Mouse BALB/C3T3 cells, in an amount of 2 10^ cells per well, were inoculated to a DMEM rhedlUffi 
containing 5% calf serum on Nunc 96-well microtitar plate (flat base) with each well containing 0.2 ml of 
the medium, and were cultured. Next day the medium was replaced with a DMEM medium containing 0.5% 
calf serum. After 3 days of cultivation. 10 at of tfie bacterial cell exb-act previously serially diluted in 5-fold 
steps with a DME medium containing 0.5% BSA. was added to each well, and was cultured, 20 hours later. 
2 ul of 3H-Tdr (5 Ci/mmol. 0.5 mCi/ml ROC Amersham) was added to each well. 8 hours later, cells were 
stripped by treatment with a phosphate-buffered solution (PBS) containing 0.2% trypsin-0.02% EDTA, and 
the cells were harvested onto a glass filter by means of a Titertech cell hawester, whereafter the wnount of 
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3H-Tdr taken in the cells was determined using a scintillation counter. 

As a result, tiie bacterial cell extract from £ coli DHl/pTB739 exhibited FGF activity. 

The mutein CS1. in which Cys at the 26-position of human bFGF had been replaced by Ser. was 
obtained. 



(Expression In Escherichia co// of gene encoding human bFGF mutein) 

(1) Construction of the piasmid pTB742 for human bFGF mutein expression: 

The M13-P2 replicative form (RF) obtained in Example 1 above was cleaved using the restriction 
enzymes EcoR I and Pst I to obtain an about 0.5 Vb DNA fragment containing a region which encodes a 

human bFGF mutein. . c o i o.* i t« 

Separately, a piasmid pirpTBI DNA containing a irp promoter was cleaved using EcxiR l-Pst i to 
separate an about 3.2 kb DNA fragment containing a Up promoter, a tetracycline resistance gene and a 
piasmid replication initiation site. This 3.2 kb DNA fragment and the above-mentioned 0.5 kb EcoR l-Pst I 
DNA fragment containing a gene region encoding a human bFGF mutein were ligated together by T4 DNA 
ligase reaction to construct the piasmid pTB742 for the expression of a human bFGF mutein (Figure 8). 

Using this piasmid pTB742. Escherichia coli DH1 was transfomned. whereby the strain EschencNa co// 
DH1/pTB742 (IF0 14584, FERM 8P-1842) was obtained, which harbors the piasmid pTB742 containing the 
mutein-encoding gene shown in Figure 4. 

(2) Preparation of bacterial cell extract: 

The above-mentioned transfomiant was cultured by the method described In Example 2 (2) to give a 
supernatant, which was then used as a bacterial cell extract 

(3) Human bFGF activity of the bacterial cell extract: 

A determination was made of the human bFGF activity on the bacterial cell extract obtained in (2) 
above, by the method described in Example 2 (3). 

As a result, the bacterial cell extract of E. coli DH1/pTB742 exhibited FGF activity. 

The mutein CS2. in which Cys at the 70-position of human bFGF had been replaced by Ser, was thus 
obtained. 



Example 4 

(Expression in Escherichia coli of gene encoding human bFGF mutein) 

45 (1) Constmction of the plasmit pTB743 for human bFGF mutein expression: 

The M13-P3 replicative form (RF) obtained in Example 1 above was cleaved using the restriction 
enzymes EcoR I and Pst I to obtain an about 0.5 kb DNA fragment containing a region which encodes a 
human bFGF mutein. ^ « ■ o i . 

50 Separately, a piasmid ptrp78l DNA containing a trp promoter was cleaved using EcoR l-Pst I to 
separate an about Z2 kb DNA fragment containing a trp promoter, a tetracycline resistance gene and a 
piasmid replication initiation site. This 3.2 kb DNA fragment and the above-mentioned 0.5 kb EcoR l-Pst I 
DNA fragment containing a gene region encoding a human bFGF mutein were ligated together by T4 DNA 
ligase reaction to construct the piasmid pTB743 for the expression of human bFGF mutein (Rgure 9). 

65 Using this piasmid pTB743, Escherichia coli DH1 was transformed, whereby the strain Escherichia coli 
DH1/pTB743 (IFO 14585, FERM BP-1643) was obtained, which harbors the piasmid pTB743 containing the 
mutein-encoding gene shown in Figure 5. 
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(2) Preparation of bacterial cell extract: 

The above-mentioned transformant was cultured in the manner described in Example 2 (2) to give a 
supernatant, which was then used as a bacterial cell extract. 

s 

(3) Human bFQF activity of the bacterial cell extract 

A detennination was made of the human bFGF activity of the bacterial cell extract obtained in (2) 
10 above, by the method described in Example 2 (3). 

As a result, the bacterial cell extract of £ coff DH1/pTB743 exhibited FGF activity. 
The mutein CS3, in which Cys at the 88-posltlon of human bFGF had been replaced by Ser, was thus 
obtained. 

IS 

Example 5 

(Expression in Escherichia coli of gene which encodes human bFGF mutein) 

20 (1) Construction of the plasmid pTB744 for human bFGF mutein expression: 

The M13-P4 replicative form (RF) obtained in Example 1 above was cleaved using the restriction 
enzymes EcoR I and Pst I to obtain an about 0.5 ito DNA fragment containing a region which encodes a 
human bFGF mutein. 

25 Separately, a plasmid pfrp781 DNA containing a trp promoter was cleaved using EcoR l-Pst I to 
separate an about 3.2 kb DNA fragment containing a trp promoter, a tetracycline resistance gene and a 
plasmid replication initiation sIte.This 3.2 kb DNA fragment and tiie above-mentioned 0.5 kb EcoR l-Pst I 
DNA fragment containing a gene region encoding a human bFGF mutein were ligated together by T4 DNA 
ligase reaction to construct the plasmid pTB744 for the expression of a human bFGF mutein {Rgure 10). 

30 Using this plasmid pTB744. Escherichia coli DH1 was transfonmed. whereby ttie strain Escherichia coli 
DH1/pTB744 (IFO 14586, FERf^ BP-1644) was obtained, which harbors tfie plasmid pTB744 containing the 
mutein-encoding gene shown in Rgure 6. 

35 (2) Preparation of bacterial cell extract 

The above-mentioned transformant was cultured by the method described in Example 2 (2) to give a 
supernatant which was then used as a bacterial ceil extract. 

40 

(3) Human bFGF activity of tiie bacterial cell extract 

A determination was made of ttie human bFGF activity of ttie bacterial cell extract obtained in (2) 
above, by tiie method described in Example 2 (3). 
45 As a result the bacterial cell extract from E coli DH1/pTB744 exhibited FGF activiti'. 

The mutein CS4, in which Cys at the 93-position in human bFGF had been replaced by Ser was thus 
obtained. 



50 Example s 

(Screening and identification of plaques which were made mutagenic) 

Plates containing mutated M13-P2 phage plaques obtained in Example 1 and 2 plates containing 
55 unmutated M13-P2 phage plaques obtained In Example 1 were cooled to 4''C. and ttie plaque from each 
plate was transfenred to 2 round nitrocellulose filters by keeping a dry filter placed on ttie agar plate for 5 
minutes in tfie case of tiie 1st filter, and for 15 minutes in the case of the 2nd filter. The filters were tiien 
kept placed for 5 minutes on thick filter papers immersed in 0.2N NaOH, 1.5M NaCI and 0.2% Triton X-100. 
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after which they were neutralized by keeping them placed for 5 more minutes on filter papers imme|^ed in 
0 5H/I Tris-HCl (pH 7.5) and 1.5!VI NaCI. The filters were twice washed on filters immersed in 2 SbO 
(standard sodium citrate) in the same manner, and were allowed to dry. and this was followed by dry.ng^ 
80°C for 2 hours in a vacuum oven. The overlapped filters were subjected to prehybndization at 55 C for 4 
hours with 10 ml/filter of a DNA hybridization buffer solution (5 ^ SSC) having a pH-value of 7.0 containing 
4 X Denhardfs solution (polyvinylpyrrolidone. Ficoli and bovine semm albumin. 1 =0.02%). 0-1% sodiurn 
dodecyl sulfate (SDS). SOmM sodium phosphate-buffered solution having a pH-value of 7.0 and 100 ug^mt 
denatured salmon sperm DNA. Hybridization was carried out at 42«C for 24 hours with 10 cpm/'iii of an 
oligonucleotide primer. The filters were each washed in a buffer solution for washing containing 0.1 ^ SDS 
and a reduced amount of SSC at 50«C for 30 minutes. The filters were then first washed wrth a buffer 
solution containing 2 ^ SSC: the control titers, which contained unmutated M13-P2 Plaques, were 
examined for radioactivity using a Geiger counter. While stepwise reducing SSC a^centrabon. the con^l 
filters were washed until no detectable radioactivity remained on the filters. The minimum of the laed SSC 
concentrations was 0.1 SSC. The filters were allowed to dry in air. and radioautographs were taken by 2 
to 3 days of exposure at-70'C. Screening was carried out of 10.000 mutated M13-P2 plaques and 100 
unmutated control plaques using a Wnase-treated oligonucleotide probe. None of the control plaques 
hybridized to the prabe. while 3 to 10 of the mutated M13-P2 plaques hybridized to the probe. 

One of the mutated IVI13-P2 plaques were taken, and was inoculated to a JM105 culture medium. From 
the resulting supernatant an ssDNA was prepared, and from the bacterial cell pellets a double-stranded 
(ds) DNA was prepared. Analyses were made of the base sequences using appropnate oligonucleotide 
pnmers and^DN^te^ respectively confirmed that the TGC (Cys-26) codon had been changed to a TCT 
(Ser) codon; the TGT (Cys-SS). to a TCT (Ser) codon; and the TGT {Cys-93) codon. to a TCT (Ser) codon. 
. Of the mutated M13-P2 phages, the phage in which the codons Cj^26 and -70 had become Ser- 
; encoding codons was named M13-P12: the phage in which the codons Cys-70 and -88 had becomeSer- 
encoding codons, M13-P23; and the phage in which the codons Cys-70 and -93 had become Ser-encodmg 
codons. M13-P24. 



30 Example 7 

Expression inEscherichia coli of gene encoding human bPGF mutein) 

(1) Constmctibn of the plasmid pTB762 for human bFGF mutein expression: 

The M13-P23 replicative form (RF) obtained in Example 8 above was treated in the manner described 
in Example 2 (1) to constaict the plasmid pTB762 for human bFGF mutein expression (Figure 12). . 

Using this plasmid pTB762. Escherichia coli MM294 was transfomied. whereby the strain Eschenchia 
coli MM294/pTB762 (IFO 14613, PERM BP-1645) was obtained, which hariaors the plasmid pTB762 
40 containing the mutein-encoding gene shown in Rgure 11. 



(2) Preparation of bacterial cell extract 

The above-mentioned transfomiant was cultured by the method described in Example 2 <2) to give a 
supernatant which was then used as a bacterial cell extract 



(3) Human bFGF activity of the bacterial cell exhact 

^ A determination was made of the human bFGF activity of the bacterial cell extract obtained in (2) 
above, by the method described in Example 2 (3). 

As a result the bacterial cell extract firom £. coli MM294/pTB762 exhibited FGF activity. 
The mutein CS23, in which Cys at the 70-position and at the 88-position had been replaced by Ser. was 
55 thus obtained. 



Example 8 



24 



0 281 822 



(Screening and identification of plaques made mutagenic) 

Plates containing mutated M13-P23 phage plaques obtained in Example 7 and 2 plates containing 
unmutated M13-P23 pfiage plaques obtained in Example 7 were cooled to 4''C. and the plaque from each 

5 plate was transferred to 2 round nitrocellulose filters by keeping a dry filter placed on the agar plate for 5 
minutes in the case of te 1st filter, and for 15 minutes in the case of the 2nd filter. The filters were then kept 
placed for 5 minutes on thick filter papers immersed in 0.2N NaOH, 1.5M NaO and 0.2% Triton X-100, after 
which they were neutralized by keeping them placed for 5 more minutes on filter papers immersed in 0.5M 
Tris-HCI (pH 7.5) and 1.5M NaCI. The filters were twice washed on filters immersed in 2 ^ SSC (standard 

10 sodium citrate) in the same manner, and were allowed to dry, and this was followed by drying at BO'C for 2 
hours in a vacuum oven. The overlapped filters were subjected to prehybridization at 55*C for 4 hours with 
10 ml/filter of a DNA hybridization buffer solution (5 ^ SSC) having a pH-value of 7.0 containing 4 ^ 
Denhardt's solution (polyvinylpyrrolidone, Rcoll and bovine serum albumin. 1 ^ =0.02%), 0.2% sodium 
dodecyl sulfate (SDS). 50mM sodium phosphate-buffered solution having a pH-value of 7.0 and 100 ug/ml 

15 denatured salmon spemn DNA. Hybridization was canied out at 42»C for 24 hours with 10* cpm/ml of an 
oligonucleotide primer. Each filter was washed in a buffer solution for washing containing 0.1% SDS and a 
reduced amount of SSC at SO'C for 30 minutes. The filters were then first washed with a buffer solution 
containing 2 ^ SSC: the control filters, which contained unmutated Ii/I13-P23 plaques, were examined for 
radioactivity using a Geiger counter. While stepwise reducing SSC concentration, the control filters, which 

20 contained unmutated M13-P23 plaques, were washed until no detectable radioactivity remained on the 
filters. IhQ minimum of the used SSC concentrations was 0.1 ^ SSC. The filters were allowed to dry in air, 
and autoradiographs were taken by 2 to 3 days of exposure at -70»C, Screening was can-ied out of 10.000 
mutated N/I13-P23 plaques and 100 unmutated control plaques by means of a kinase-treated oligonucleotide 
probe. None of the control plaques hibridized to the probe, while 3 to 10 of the mutated M13-P23 plaques 

25 hybridized to the probe. 

One of tfie mutated M13-P23 plaques was taken, and was inoculated to a JM105 culture medium. From 
the resulting supernatant an ssDNA was prepared, and from the bacterial cell pellets a double-stranded 
(ds) DNA was prepared. Analyses were made of the base sequence using appropriate oligonucleotide 
primers and ssDNAs. 

30 As a result, it was respectively confinned that the TGC (Cys-26) codon had been changed to a TCT 
(Ser) codon; and the TGT (Cys-93) codon, to a TCT (Ser) codon. 

Of the mutated M13-P23 phages, the phage in which the codons Cys-26. -70 and -88 had become Ser- 
encoding codons was named iyrt13-P123; and the phage in which the codons Cks-70. -88 and -93 had 
become Ser-encoding codons. M13-P234. 

35 

Example 9 

(Expression in Esoherichia coH of gene encoding human bFGF mutein) 

40 

(1) Construction of the plasmid pTB764 for human bFGF mutein expression: 

The M13-P123 repiicatlve form (RF) obtained in Example 8 above was treated in the manner described 
in Example 2 (1) to construct ttie plasmid pTB764 for human bFGF mutein expression (Figure 14). 
45 Using this plasmid pTB764, EscheridMa coli MM294 was transformed, whereby the strain Escherichia, 
coli Miy/!294/pTB764 (IFO 14614. PERM BP-1646) was obtained, which harbors the plasmid pTB764 
containing the mutein-encoding gene sha/vn in Figure 13. 



so (2) Preparation of bacterial cell extract: 

The above-mentioned transfomnant was cultured by Ihe method described in Example 2 (2) to give a 
supernatant, which was then used as a bacterial cell extract. 

55 
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(3) Human bFGF activity of the bacterial cell extract 

A detemiination was made of the human bFGF acitivity of the bacterial cell extract obtained in (2) 
above, by the method described in Example 2 (3). 

As a result, the bacterial cell extract from £ coff MM294/pTB764 exhibited FGF activity. 

The mutein CS123. in which Cys at the 26-. 70-and 88-positions in human bFGF had been replaced by 
Ser, was thus obtained. 



70 Example 10 

(Screening and Identification of plaques which were made mutagenic) 

Plates containing mutated M13-P123 phage plaques obtained in Example 8 and 2 plates containing 

75 unmutated M13.P123 phage plaques obtained in Example 8 were cooled to 4«C. and the plaque from each 
Diate was transferred to 2 round nitrocellulose filters by keeping a dry filter placed on the agar plate for 5 
minutes in the case of the 1st filter, and for 15 minutes in the case of the 2nd filter. The Alters were ttien 
kept placed for 5 minutes on thick filter papers immersed in 02N NaOH. 1.5M NaCI and 0.2% Tnton X-1G0. 
after which they were neutralized by keeping them placed for 5 more minutes on filter papers 'mmersed in 

20 05M Tris-HCI {pH 7.5) and 1.5M NaCI. The filters were twice washed on. filters immersed in 2 SSC 
(Standard sodium citrate) in the same manner, and were allowed to dry, and this was followed by drying at 
80»C for 2 hours in a vacuum oven. The overlapped filters were subjected to prehybndization at 55»C for 4 
hours with 10 ml/filter of a ONA hybridization buffer solution (5 ^ SSC) having a pH-value of 7.0 containii^ 
4 ^ Denhardfs solution (polyvinyl-pynrolidone. Rcoll and bovine serum albumin. 1 =0.02%). 0.1% 

25 sodium dodecyl sulfate (SDS), 50mM sodium phosphate-buffered solution having a pH-value of 7.0 and 
100ug/mt denatured salmon sperm DMA. Hybridization was canled out at 42»C for 24 hours with 0 
cpm/mt of an oligonucleotide primer. The filters were each washed in a buffer solution for washing 
containing 0.1% SDS and a reduced amount of SSC at 50»C for 30 minutes. The filters were then fir^ 
washed with a buffer solution containing 2 " SSC; the control filters, which contained unmutated Mt3-P123 

30 plaques were examined for radioactivity using a Geiger counter. While stepwise reducing SSC concentra- 
tion the control filters, which contained unmutated M13-P123 plaques, were washed until no detectaWe 
radioactivity remained on the filters. The minimum of the used SSC concentrations was 0.1 SSC The 
filters were allowed to dry in air. and autoradiographs were taken by 2 to 3 days of exposure at -70 C. 
Screening was carried out of 10.000 mutated M13-P123 plaques and 100 unmutated control plaques by 

35 means of a kinase-treated oligonucleotide probe. None of the control plaques hybridized to the probe, while 
3 to 10 of the mutated M13-P123 plaques hybridized to Hie probe. 

One of flie mutated M13-P123 plaques was taken, and was inoculated to a JM105 culture medium. 
From the resulting supernatant an ssDNA was prepared, and from the bacterial cell pelletes a double- 
stranded (ds) DNA was prepared. Analyses were made of the base sequence using an appropriate 

40 origonucleotide primer and ssDNA. .r, ^ j 

As a result, it was confirmed that the TGT (Q«-93) codon had been changed to a TCT {Sei) codon. 
Of the mutated M13-P123 phages, the phage n whteh the codons Cys-26. -70. -88 and -93 had 
become Ser-encoding codons was named M13-P1234. 



Example 11 

(Expression in Escherichia coli of gene encoding human bFGF mutein) 

so (1) Construcfion of the plasmid pTB765 for human bFQF mutein expression: 

The M13-P1234 replicative form (RF) obtained in Example 10 above was treated in the manner 
described in Example 2 (1) to construct the plasmid pTB765 for the expression of a human bFGF mutein 

55 ^'^^U^ng^this plasmid pT8765. Escherichia coTi MM294 was transfonned. whreby the strain Escherichia 
coli MM294/pTB76S (IFO 14615. FERM BP-ie47) was obtained, which harbors the plasmid pTB765 
containing the mutein-encoding gene shown in Figure 15. 
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(2) Preparation of bacterial cell extract: 

The above-mentioned transformant was cultured by the method described in Example 2 (2) to give a 
supernatant, which was then used as a bacterial cell extract. 

5 

(3) Human bFGF activity of the bacterial cell extract: 

A determination was made of the human bFGF activity of the bacteria! cell extract obtained In (2) 
10 above, in the manner described in Example 2 (3). 

As a result, the bacterial cell extract from £ coli MM294/pTB765 exhibited FGF activity. 
The mutein CS1234. in which Cys at the 26-. 70-, 88-and 93-posltlons in human bFGF had been 
replaced by Ser, was thus obtained. 

IS 

Example 12 

Screening and identification of plaques which were made mutagenic) 

20 Plates containing M13-P1 phages mutated by the method of Example 1 using a synthetic oligomer 
[Rgure 2 (3) or (4)] and 2 plates containing unmutated M13-P1 phage plaques obtained In Example 1 were 
cooled to 4°C, and the plaque from each plate was transfen-ed to 2 round nitrocellulose filters by keeping a 
dry filter placed on the agar plate for 5 minutes in the case of the 1st filter, and fbrl5 minutes in the case 
of the 2nd filter. The filters were then kept placed for 5 minutes on thick papers immersed in 0.2N NaOH, . 

25 1.5M NaCI and 0.2% Triton X-100, after which they were neutralized by keeping them placed for 5 more 
minutes on filter papers immersed in 0.5M Tris-HCI (pH 7.5) and 1.5M NaCI. The filters were twice washed 
on filters immersed in 2 ^ SSC (standard sodium citrate) in the same manner, and were allowed to dry. and 
this was followed by drying at BO'C for 2 hours in a vacuum oven. The overiapped filters were subjected to 
prehybridizatlon at SS'C for 4 hours with 10 ml/filter of a DNA hybridization buffer solution (5 ^ SSC) 

30 having a pH-value of 7.0 containing 4 ^ Denhardt's solution (polyvinylpynrolidone, Rcoll and bovine serum 
albumin. 1 ^ =0.02%), 0.1% sodium dodecyl sulfate (SDS), 50mM sodium phosphate-buffered solution 
having a pH-value of 7.0 and 100 ug/mt denatured salmon spemn DNA. Hybridization was carried out at 
42'C for 24 hours with 10' cpm/mt of an oligonucleotide primer. The filters were each washed in a buffer 
solution for washing containing 0.1% SDS and a reduced amount of SSC at 50»C for 30 minutes. The filters 

35 were then first washed with a buffer solution containing 2 SSC; the control filters, which contained 
unmutated M13-P1 plaques, were examined for radioactivity using a Gelger counter. While reducing SSC 
concentration stepwise, the control filters, which contained unmutated M13-P1 plaques, were washed until 
no detectable radioactivity remained on the filters. The minimum of the used SSC concentrations was 0.1 ^ 
SSC. The filters were allowed to dry in air, and radioautographs were taken by 2 to 3 days of exposure at 

40 -70'C. Screening was can^ied out of 10,000 mutated M13-P1 plaques and 100 unmutated control plaques 
using an oligonucleotide probe treated with kinase in the presence of y-^P-ATP. None of the control 
plaques hybridized to the probe, while 3 to 10 of the mutated M13-P1 plaques hybridized to the probe. 

One of the mutated M13-P1 plaques was taken, and was inoculated to a JM105 culture medium. From 
the resulting supernatant an ssDNA was prepared, and from the bacterial cell pellets a double-stranded 

45 (ds)DNA was prepared. Analyses were made of the base sequences using appropriate oligonucleotide 
primers and ssDNAs. 

As a result, it was respectively confirmed that the TGT (Cys-SS) codon had been changed to a TCI 
(Ser) codon: and the TGT (Cys-93) codon, to a TCT (Ser) codon. 

Of the mutated M13-P1 phages, the phage in which the codons Cys-TB and -88 had become Ser- 
60 encoding codons was named M13-P13; and tfie phage In which the codons Cys-26 and -93 had become 
Ser-encoding codons, M13-P1 4. 

Example 13 

55 
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(Screening and identification of plaques made mutagenic) 

Plates containing M13-P14 phage plaques mutated by the method of Example 1 using a synthetic 
oliqomer [Figure 2 (2) or (3)] and 2 plates containing unmutated M13-PU phage plaques were cooled to 

5 4'C and the plaques from each plate were transferred to 2 round nitrocellulose filters by keeping a dry 
filter placed on the agar plate for 5 minutes in the case of the 1st filter, and for 15 minutes in the case of 
the 2nd filter. The filters were then kept placed for 5 minutes on thick filter papers immersed in 0.2N IMaOM. 
1 5M NaCI and 0.2% Triton X-1Q0. after which they were neutralized by keeping them placed for 5 more 
minutes on filter papers immersed in 0.5M Tris-HQ (pH 7.5) and 1.5M NaCI. The filters were twice washed 

10 on filters immersed in 2 SSC (standard sodium citrate) in the same manner, and were allowed to dry, and 
this was followed by drying at SO'C for 2 hours in a vacuum oven. The overlapped filters were subjected to 
prehybridization at SS'C for 4 hours with lOml/filter of a DNA hybridization buffer solution (5 SSC) 
having a pH-value of 7.0 containing 4 Denhardf s solution (polyvinylpyrrolidone. Ficoll and bovine serum 
albumin 1 ^ =0.02%). 0.1% sodium dodecyl sulfate (SDS). 50mM sodium phosphate-buffered solution 

75 having a pH-value of 7.0 and 100 ug/mt denatured salmon sperm DNA. Hybridization was can-ied out at 
42«C for 24 hours with 10' cpm/ml of an oligonucleotide primer. Each filter was washed in a buffer soluton 
for washing containing 0.1% SDS and a reduced amount of SSC at SO-C for 30 minutes. The filters were 
then first washed with a buffer solution containing 2 SSC: the control filters, which contained unmutated 
M13-P14 plaques, were examined for radioactivity using a Geiger counter. While reducing SSC concentra- 

20 tion stepwise, the control filters, which contained unmutated M13-P14 plaques, were washed until no 
detectable radioactivity remained on the filters. The minimum of the used SSC concentrations was 0.1 
SSC The filters were allowed to dry in air. and autoradiographs were taken by 2 to 3 days of exposure at 
.70''C Screening was carried out of 10,000 mutated M13-P14 plaques and 100 unmutated control plaques 
by means of an oligonucleotide probe treated with kinase in the presence of t^^P-ATP. None of the control 

25 plaques hybridized to the probe, while 3 to 10 of the mutated IVI13-P14 plaques hybridized to the probe. 

One of the mutated M13-P14 plaques was taken, and was inoculated to a JM105 culture medium. From 
the resulting supernatant an ssDNA was prepared, and from the bacterial cell pellets a double-strandaJ 
(ds) DNA was prepared. Analyses were made of the base sequences using appropnate ofigonucleotide 
primers and ssDNAs. 

30 As a result, it was respectively confirmed that the TGT (Cys-70) codon had been changed to a TCT 
(Ser) codon: and the TGT (Cys-93) codon. to a TCT (Ser) codon. 

Of the mutated IVI13-P14 phages, the phage in which the codons Cys-26. -70 and -93 had become Ser- 
encoding codons was named M13-P124: and the phage in which the codons Cks-26. -88 and -93 had 
become Ser-encoding codons, M13-P134. 



(Screening and identification of plaques made mutagenic) 

Plates containing M13-P3 phage plaques mutated by the method of Example 1 using a synthetic 
oligomer [Figure 2 (4)1 and 2 plates containing unmutated M13-P3 phage plaques obtained in Example 1 
were cooled to 4''C. and the plaques from each plate were transferred to 2 round nitrocellulose filters by 
keeping a dry filter placed on the agar plate for 5 minutes in the case of the 1st filter, and for 15 minutes in 
the case of the 2nd filter. The filters were then kept placed for 5 minutes on thick filter papers immersed in 
02U NaOH. 1.5IVI NaCI and 0.2% Triton X-100. after which they were neutralized by keeping them for 5 
more minutes on filter papers immersed in 0.5M Tris-HCI having a pH-value of 7.5 and 1.5M NaCI. The 
filters were twice washed on filters immersed in 2 ^ SSC (standard sodium citrate) in the same manner, 
and were allowed to dry. and this was followed by drying at 80'C for 2 hours in a vacuum oven. The 
overlapped filtere were subjected to prehybridization at 55«C for 4 hours with 10 mx/filter of a DNA 
hybridization buffer solution (5 SSC) having a pH-value of 7.0 containing 4 ^ Denhardt's solution 
(polyvinylpyrrolidone. Rcoil and bovine serum albumin. 1 ^ = 0.02%). 0.1% sodium dodecyl sulfate (SDS). 
50mM sodium phosphate-buffered solution having a pH-value of 7.0 and 100 jig/mt denatured salmon 
sperm DNA, Hybridization was carried out at 42«C for 24 hours with 10' cpm/mt of an oligonucleotide 
primer. The filters were each washed in a buffer solution for washing containing 0.1% SDS and a reduced 
amount of SSC at 50'C for 30 minutes. The filters were then first washed with a buffer solution containing 2 
^ SSC: the control filters, which contained unmutated M13-P3 plaques, were examined for radioactivity 
using a Geiger counter. While stepwise reducing SSC concentration, the control filters, which contained 
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ummutated M13-P3 plaques, were washed until no detectable radioactivity remained on the filters. The 
minimum of the used SSC concentrations was 0.1 " SSC. The filters were allowed to dry in air, and 
autoradiographs were taken by 2 to 3 days of exposure at -70" C. Screening was earned out of 10,000 
mutated M13-P3 plaques and 100 unmutated control plaques by means of an oligonucleotide primer treated 

s with kinase in the presence of r^P-ATP . None of the control plaques hybridized to the probe, while 3 to 
10 of the mutated M13-P3 plaques hybridized to the probe. 

One of the mutated M13-P3 plaques was taken, and was inoculated to a JMIOS culture medium. From 
the resulting supernatant an ssONA was prepared, and from the bacterial cell pellets a double-stranded 
(ds) DNA was prepared. Analyses were made of the base sequences using an appropriate oligonucleotide 

10 primer and ssDNA. 

As a result it was confirmed that the TGT {Cys-QZ) codon had been changai to a TCT (Sar) codon. 
Of the mutated M13-P3 phages, the phage in which the codons Cys-88 and -93 had become Ser- 
encoding codons was named M13-P34. 

16 

Bomple 15 

(Expression in Eschertohia coli of gene which encodes human bFGF mutein) 
20 (1) Construction of the plasmid pTB776 for human bFGF mutein expression: 

The M13-P12 replicative form (RF) obtained in Example 6 above was treated in the manner described 
in Example 2 (1) to constmct the plasmid pTB776 for human bFGF mutein (Rgure 18). 

Using this plasmid pTB776, Escherichia coli MM294 was transformed, whereby the strain Escherichia 
25 coli MM294/pTB776 was obtained, which harbors the plasmid pTB776 containing thie mutein-encoding gene 
shown in Rgure 17. 



(2) Preparation of bacterial ceil extract: 

30 

The above-mentioned transfomnant was cultured by the method described In Ex»nple 2 (2) to give a 
supernatant which was then used as a bacterial cell extract 



35 (3) Human bFGF activity of the bacterial cell extract: 

A determination was made of the human bFGF activity of the bacterial cell extract obtained in (2) 
above, by the method described in Example 2 (3). 

As a result, tiie bacterial cell extract from E. coli MM294/pTB776 exhibited FGF actWity. 
40 The mutein CS12, in which Cys at the 26-and 70-positions of human bFGF had been replaced by Ser. 
was thus obtained. 



Example 16 

45 

(Expression in Escherichia coli of gene whteh encodes human bFGF mutein) 

(1) Construction of the plasmid pTB778 for human bFGF mutein expression: 

50 The M13-P24 replicative form (RF) obtained in Example 6 above was treated in the manner described 
in Example 2 (1) to constmct the plasmid pTB778 for human bFGF mutein expression (Rgure 20). 

Using this plasmid pTB778. Escherichia coli MVI294 was transformed, whereby the strain Eschanahia 
coli MIVI294/pTB778 was obtained, which contains the plasmid pTB778 containing the mutein-encoding 
gene shown in Figure 19. 

55 
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(2) Preparation of bacterial cell extract 

The above-mentioned transformant was cultured by the method described in Example 2 (2) to give a 
supernatant, which was then used as a bacterial cell extract 

5 

(3) Human bFQF activity of the bacterial cell extract: 

A determination was made of the human bFGF activity of the bacterial cell extract obtained in (2) 
10 above, by the mettiod described in Example 2 (3). 

As a result, the bacterial cell extract of £ coli MM2g4/pTB778 exhibited FGF activity. 
The mutein CS24. in which C/s at the 70-and gsuosltlons of human bFQF had been replaced by Ser, 
was thus obtsdned. 



Example 17 

(Expression In Escherichia co// of gene wich encodes human bFGF mutein) 
20 (1) Constnjction of the plasmid pTB779 for human bFGF mutein expression: 

The M13-P13 replicative form (RF) obtained in Example 12 above was treated in the manner described 
in Example 2 (1) to construct the plasmid pTB779 for human bFGF mutein expression (Figure 22). 

Using this plasmid pTB779. Escherichia coti MM294 was transformed, whereby the strain Escherichia 
25 coli MM294/pTB779 was obtained, which harbors the plasmid pTB779 containing the mutein-encodlng gene 
shown in Figure 21. 



(2) Preparation of bacterial cell extract 

The above-mentioned transfomiant was cultured by the method described in Example 2 (2) to give a 
supernatant which was then used as a bacterial cell extract 



35 (3) Human bFGF activity of the bacterial celt extract 

A determination was made of the human bFGF activity of the bacterial cell extract obtained In (2) 
above, by the method described in Example 2 (3). 

As a result the bacterial cell extract of £ coli MM294/pTB779 exhibited FGF activity. 
40 The mutein CS13. in which Cys at the 26-and 88-positions of human bFGF had been replaced by Ser. 
was thus obtained. 



Example 18 

(Expression in Escherichia coli of gene which encodes human bFGF mutein) 
(1) Construction of the plasmid pTB763 for human bFGF mutein expression: 

The M13-P14 replicative torn (RF) obtained in Example 12 above was treated in the manner described 
in Example 2 (1) to construct the plasmid pTB763 for human bFGF mutein expression (Figure 24). 

Using this plasmid pTB763. Escherichia coli MM294 was Iransfomried. whereby the strain Escherichia 
coli MM294ypTB763 was obtained, which harbors the plasmid pTB783 containing the mutein-encoding gene 
shown in Figure 23. 
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(2) Preparation of bacterial cell extract: 

The above-mentioned transformant was cultured by the method described In Example 2 (2) to give a 
supernatant which was tiien used as a bacterial cell extract. 

5 

(3) Human bFGF activity of the bacterial cell extract: 

A determination was made of the human bFGF activity of the bffi:tBrial cell extract obtained in (2) 
10 above, by the method described in Example 2 (3). 

As a result, the bacterial cell extract of £ co// MM294/pTB763 exhibited FGF activity. 
The mutein CSU, In which Cys at the 26-and g3-positions of human bFGF had been replaced by Set, 
was thus obtained. 




(Expression in Escherichia co/r of gene which encodes human bFGF mutein) 

20 (1) Construction of the piasmid pTB777 for human bFGF mutein expression: . 

The M13-P34 replicative form (RF) obtained in Example 14 above was treated in the manner described 
in Example 2 (1) to construct the piasmid pTB777 for human bFGF mutein expression (Rgure 26). 

Using this piasmid pTB777, Escherichia coll MM294 was transfomied, whereby the strain Escherichia 
2S coll MM294/pTB777 was obtained, which harbors the piasmid pTB777 containing the muteln-encoding gene 
shown in Figure 24. 

(2) Preparation of bacterial cell extract 

30 

The above-mentioned transformant was cultured by the method described in Example 2 (2) to give a 
supernatant, which was then used as a bacterial ceil extract. 



35 (3) Human bFGF activity of the bacterial cell extract: 

A determination was made of the human bFGF activity of the bacterial cell extract obtained in (2) 
above, by the method described in Example 2 (3). 

As a result, the bacterial cell extract of E. co// MM294/pTB777 exhibited FGF activity. 
40 The mutein CS34, in which Cys at the 88-and 93-posltions of human bFGF had been replaced by Ser, 
was thus obtained. 



Example 20 

(Expression in Escherichia co// of gene which encodes human bFGF mutein) 

(1) Construction of the piasmid pTB782 for human bFGF mutein expression: 

50 The NA13-P234 replicative form (RF) obtained in Example 8 above was treated in the manner described 
in Example 2 (1) to consfruct the piasmid pTB782 for human bFGF mutein expression (Rgure 28). 

Using this piasmid pTB782. Escherichia coll MM294 was transt'ormed, whereby the strain Escherichia 
CO// MM294/pTB782 was obtained, which harbors the piasmid pTB782 containing the mutein-encpding gene 
shown in Figure 27. 
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(2) Preparation of bacterial cell extract 

The above-mentioned transformant was cultured by the method described in Example 2 (2) to give a 
supernatant which was then used as a bacterial cell extract. 

(3) Human bFGF activity of the bacterial cell extract: 

A determination was made of the human bFGF activity of the bacterial cell extract obtained in (2) 

above, by the method described in Example 2 (3), 

As a result, the bacterial cell extract of E. co// MM294/pTB782 exhibited ^^l^^- 

The mutein CS234. in which Cys at the 70-. 88-and 93-posltions of human bFGF had been replaced by 

Ser, was thus obtained. 

Example gj 

(Expression in Escherichia coli of gene which encodes human bFGF mutein) 

(1) Construction of the plasmid pTB780 for human bFGF mutein expression: 

The M13-P124 replicative form (RF) obtained in Example 13 above was treated in the manner 
described in Example 2 (1) to construct the plasmid pTB780 for human bFGF mutein expression (Rgure 

^°^'usina this plasmid pTB780. Escherichia coH MM294 was transfomied. whereby the strain Eschenchia 
coli MM294/PTB780 was obtained, which harbors the plasmid pTB780 containing the mutein-encodmg gene 
shown in Rgure 29. 

(2) Preparation of tacterial cell extract: 

The above-mentioned transformant was cultured by tiie method described in Example 2 (2) to give a 
supernatant, which was then used as a bacterial cell extract 

(3) Human bFGF activity of the bacterial cell extiact 

A detemMnation was made of the human bFGF activity of the bacterial cell extract obtained in (2) 
above, by the method described in Example 2 (3). 

As a result ttie bacterial cell extract of £ coli MM294/pTB780 exhibited FQF activity. 

The mutein CS124, in which Cys at ttie 26-. 70-and 93iX)Sltions of human bFGF had been replaced by 
Ser, was ttius obtained. 



Example 22 

(Expression in Escherichia co// of gene which encodes human bFGF) 

(1) Construction of ttie plasmid pTB78l for human bFGF mutein expression: 

The M13-P134 replicative fomi (RF) obtained Example 13 above was treated in the manner described 
in Example 2 (1) to construct ttie plasmid pTB781 for human bFGF mutein expression (Figure 31). 

Using Ws plasmid pTB78l. Escherichia coli MM294 was transformed, whereby the stiain Eschenchia 
coli MM294»'pTB781 was obtained, which harbors the plasmid pTB781 containing ttie muteln-encoding gene 
shown in Rgure 32. 
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(2) Preparation of bacterial cell extract: 

Tlie above-mentioned transformant was cultured by the method described in Example 2 (2) to give a 
supernatant, which was then used as a bacteria cell extract. 



(3) Human bFGF activity of the bacterial cell extract: 

A determination was made of the human bFGF activity of the bacterial cell extract obtained in (2) 
10 above, by the method described in Example 2 (3). 

As a result, the bafterial cell extract of £ co// MM294/pTB781 exhibited FGF activity. 
The mutain CS134, In which Cy$ at the 26-, 88-and 93-positions of human bFGF had been replaced by 
Ser, was thus obtained. 



Example 23 

(Mutein productivities} 

Determinations were made of the FGF activities of bacterial cell extracte containing respeciivB muieins 
in accordance with the method of Reference example 2 (2), whereby tfie mutein productivities of respective 
transfbmnants were calculated. The values thus obtained are shown in Table 3. 
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Tables 



Plasmid 


Mutein 


Productivity 
(mg-ptFGF/1 culture) 


■nTR7^Q 


CSl 


0.3 




CS2 


10.6 




CSS 


13.3 


piJ5l** 


CS4 


0.8 


piJDI 10 


r'Si9 


0.2 


piJDf la 




0.1 


pTB763 


V/Oi* 


0.5 


plX>/DZ 




25.8 


piJt>( lO 


CS24 


0.3 






0.6 




CS123 


0.3 




CS124 


0.4 


pTB781 


CS134 


0.2 


pTB782 


CS234 


1.4 


pTB765 


CS1234 


0.1 


pTB669 


rhbFGF 


6.0 


ptrp781 




0.0 



Example 24 



(Purification of hbFGF mutein) 

Transfomiants producing respective mutefns were cultured by tfie method described in Reference 
example 2. whereby bacterial cell extracts were prepared. 25 mt of eacfi extract (prepared from 500 ml of 
the culture medium) was passed through a column (02 10 cm) of DEAE cellulose (DE52, Wattman. Inc., 
United Kingdom) equilibrated with a solution containing 20mM Tris-HCI having a pH-value of 7.4 and 0.2M 
Naa, whereby the nucleic acid constituents in the extract were removed. The effluent from the column and 
the washings resulting from the washing of the column with a solution containing 20mM Tris-HCI having a 
pH-value of 7.4 and 0.21V! NaCl were combined and collected (DEAE effluent fraction, 60 ml). 

This fraction was subjected to high performance fiquid chromatography using a high performance liquid 
chromatograph (Gilson. Inc.. France) loaded with a Shodex AFpak HR-894 heparin column (8 mm 10 5 
cm, produced by Showa Denko, Japan). After washing the colum with a 20mM Tris-HCI solution having a 
pH-value of 7.4. and then with a solution containing 20mM Tris-HCI having a pH-value of 7.4 and 0.5M 
NaCI, linear gradient elution was carried out with the NaCI gradient of from 0.5M to 2M (60 ml volume. 1.0 
ml/min. flow rate) in a buffer containing 20mM Tris-HCI having a pH-value of 7.4 
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The elution patterns of respective muteins are shown in Rgures 33 to 35. In these figures, the ordinates 
represent absorptions for ODan and NaCI concentrations in the gradient. The abscissas represent times, 
gradient elution being initiated on the time-O point. Peak fractions were collected, and their FGF activities 
were investigated. The post-purification specific activities thereof are shown in Table A. 

5 

Table 4 



to 


Mutein 


Specific Activity 

(mtr-ntVCiV/miT nroteinl 




CSl 


0.4 


IS 


CS2 


0.9 




CSS 


1.0 


20 


CS4 


1,0 




CS12 


0.5 




CS13 


0.5 


25 


CS14 


0.3 




CS23 


1.1 


30 


CS24 


0.8 




CS34 


0.5 




CS123 


0.4 


35 - 


CS124 


0.1 




CS134 


0.5 




CS234 


0.9 


40 


CS1234 


0.1 




rhbFGP 


1.0 



4S 

In Table 4. the specific activities are shown on the basis of the FGF activity of bovine brain-derived FGF 
(purity, not less than 95%) produced by Takara Shuzo Co., Ltd. 

In alt muteins. the peak conresponding to Peak I of bFGF was eluted at an elution time between 15 and 
25 minutes. This can also be detected as a single band at the position of about 17,000 molecular weight In 
50 17.25% SDS polyacrylamide gel electrophoresis. 
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)Oxidation of FGF muteins) 

P»rh mntPin sliited from a heparin HPLC column and bFGF were separately twice dialyzed at 4''C for 3 

S hCI (pH 8.5)/02M NaCl/1 mg/mt BSA/20mM H.OJ. and oxidaton was canned out at 37 C for 30 

""""iS' solution was then passed through a heparin HPLC column, and the pattern which appeared In 
The and 2M was examined. The obtained elution patterns are shown 

elution with the salt gradient between u^om ana corresponding 

in Rgure 36. In bFGF. the peaks were generally low; wh,le .n CS2 ^83 and CS23. the peak correspona g 

to Peak I was high: the peak rise was noticeable specifically in GS3 and CS23. 

This suggel that CS3 and CS23 are stable to oxidation. In addition. In all cases of CS2. CS3 and 

CS23. the protein eluted as the peak exhibited FGF activity. 



(Reduction of FGF muteins) 

20 200 ug (protein basis) of each iyophilized standard sample obtained in the ^a^® "f 

25 was dteioC in 20oVl of a reduction reaction liquid [50mM Tris-HCI (pH 85y0.2M NaCI/1 mg/ml 
R.«?A/30mM dithiothreitol (DTT)1. and reduction was carried out at 37'G for 30 minutes. 

T^^r trZ^^^^^ through a heparin HPLC column, and the pattern wh^h appaa^Jn 
. ^ L^^rJtnradLt between 0 6M and 2M was examined. The obtained elution patterns are shown 

L ^Lr npai« /Peaks II to IV) are attributable to oxidation. It was also suggested that, in CSS and CS^. 
Te Z is iSd b^ l"on. That is. tNs ^.pports «,e sta«.ity referred to in Bcample 25. The 
bFGF and muteins eluted as these peaks were found to possess FGF actvrty. 

do 

Example 27 

(Production of recombinant DNAs having mutein-encoding base sequence) 

35 (1) Cloning Of M13 vector for human bFGF gene: 

The plasmid pTB669 obtaned in Reference example 2 was digested wth the ^f^'^«°" ^"^"^^^^^^^ 
I and BaSf I. Phage vector M13mp8 [J. Messing. Methods in Enzymology. r07 20 - 78 (1983) rephcative 
mR DiJa mixed with a human bFGF DNA fragment derived from pTB669. previously digested 
^ 1 eTr TL Z^"^^r. was *en subjected to ligation using T4 DNA «gase. The resultng 
Sed DNA w^l^sformed into infectable cells of the strain Escftench/a aoli JM105; the transformant 
e we^ sprld !ver a^te whose indicator spedes was Xgal [J. Messing et al.. Nucleic Aads Researd, 
9 09.321 iL)^^ the fSaque containing the recombinant phage (white plaque) was P;ck«d "p: *e b^^^ 
e^en e 0 the rLmbinated region was determined by the dideoxynucleotide 
45 meLd [J. Messing et al.. Nucleic Acids Research. 9. 309 (1981)1. whereby it was confirmed that the 
hitman bFGF DNA had been accurately inserted. ,^ « . 

?oSf*is mTs-PO clone was purified a single-stranded phage DNA. which was used as a template for 
siteKilrected mutagenesis using a synthetic oligonucleotide. 

50 

(2) Site-specific mutagenesis: 

In the presence of 0.1 mM adenosine triphosphate (ATP). 50 mM hydroxymethylaminom^^^^ 
hydltkle (Ss-HCo having a pH-value of 8.0. 10 mM MgCt. SmM dimiothretol (DTT) and 9 units of T4 
55 kinase, in a total amount of 50 nl. 40 picomoles of the synthetic oligonucleotide: 

^^eTZ™^^ sequence a recogn.«. s.e - - re^t^~^ 
subsequently changing Pro-^A to Wef (see Rgure 38 (2)1 was treated with T4 kmase at 37 C for 1 hour. 
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This kinase-treated primer (12 picomoles) was heated at 67«C for 5 minutes, and at 42°C for 25 minutes, in 
50 lit of a mixture containing 50 mM NaCI, 1.0 mM Tris-HCI having a pH-value of 8.0. 10 mM MgCI, and" 
10 mM ^-mercaptoethanol, whereby it was hybridized to 5 ng of the single-stranded (ss) IVI13-P0 DNA. 
The anneaied mixture was then cooled on ice, and was added to 50 m of a reaction mixture containing 0.5 
mM deoxynucleotide triphosphate (dNTP). 80 mM Tris-HCI having a pH-value of 7.4, 8 mM MgCU. 100 mM 
NaCI. 9 units of DNA polymerase I Klenow fragment. 0.5 mM ATP and 2 units of T4 DNA ligase. and 
reaction was carried out at VC for 3 hours, and at 25''C for 2 hours, whereafter the re^Btion was stopped 
by adding 2 ut of 0.2 mM EDTA. The reaction product was used to transform infectable JM 105 cells: the 
transformant cells were allowed to grow overnight, whereafter an ssDNA was isolated from the culture 
medium supernatant Using this ssDNA as a template for the 2nd cycle of primer elongation, gel-purified 
RF-type DNA was transformed into infectable JM 105 cells; the resulting transfonnant cells were spread 
over an agar plate, and were cultured overnight to obtain phage plaques. 



(3) Site-directed mutagenesis: 

The procedure of the above term (2) was repeated but the used synthetic oligonucleotide primer was: 
5'-CGCCCATGGTGCCATCCTC-3' which produces in the base sequence a recognition site for the restriction 
enzyme Nco I. and concun^ntly changes GlyB to Thr and Ser-IO to Met, respectively. (See Figure 38 (1)]. 



(4) Site-directed mutagenesis: 

The procedure of the above term (2) was repeated but the used synthetic oligonucleotide primer was: 
5'-TAACACCTTAAGAAGCCAG-3' which produces in the base sequence a recognition site for the restriction 
enzyme Afl II. and concurrently changes the Lys-87-encoding codon to a termination codon (See Figure 38 
(3).] 



(5) Site-directed mutagenesis: 

The procedure of the above temi (2) was repeated but the used synthetic oligonucleotide primer was: 
5'-CCGGACTCCGTTAACTCGG-3' which produces in the base sequence a recognition site for the restriction 
enzyme Hpa I. and concurrently changes Asp-42 to Asn. (See Rgure 38 (4).l 



(6) Site-directed mutagenesis: 

The procedure of the above term (2) was repeated but the used synthetic oligonucleotide primer was: 
5'-CTTCTCCTGGACTCCGTCAAC-3' which deletes the recognition site for the restriction enzyme Hpa II in 
the base sequence, and concurrently changes Arflf-45 to Gin. [See Rgure 38 (5).] 



(7) Screening and Identification of plaques which were mutagenic: 

Plates containing mutated M13-P0 plaques [above temn (1)] and 2 plates containing unmutatsd M13- 
PO phage plaques were cooled to 4''C, and the plaques from each plate were transferred to 2 round 
nitrocellulose filters by keeping a dry filter placed on the agar plate for 5 minutes in the case of the 1st 
filter, and for 15 minutes in the case of the 2nd filter. The fitters were then kept placed for 5 minutes on 
thick filter papers immersed in 0.2N NaOH. 1.5M NaCI and 0.2% Triton X-100. after which tiiey were 
neutralized by keeping them plaed for 5 more minutes on filter papers immersed in 0.5M Tris-HCI having a 
pH-value of 7.5 and 1.5M NaCI. The filters were twice washed on filters immersed in 2 SCO (Standard 
Sodium Citrate) in the same manner, and were allowed to dry, and this was folkiwed by drying at 80«C for 
2 hours in a vacuum oven. The overiapped filters were subjected to prehybridization at 55' C for 4 hours 
with 10 ml/filter of a DNA hybridization buffer solution (5 SSC) having a pH-value of 7.0 containing 4 ^ 
Denhardt's solution (polyvinylpyrrolidone. Rcoll and bovine serum albumin, i = 0.02%), 0.1% sodium 
dodecyl sulfate (SDS), SO mM sodium phosphate-buffered solution having a pH-value of 7.0 and 100 ug/ml 
denahjred salmon sperm DNA. Hybridization was carried out at 42«C for 24 hours with 10' cpmyml of an 
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oligonucleotide primer. Each filter was washed at 50»C for 30 minutes in a buffer solution for washing 
containing 0.1% SDS and a reduced amount of SSC. The filters ware then first washed with a buffer 
solution containing 2 ^ SSC; the control filters, which contained unmutated M13-P0 plaques, were 
examined for radioactivity using a Qeiger counter. While stepwise reducing SSC concentration, the control 
filters which contained unmutated M13-P0 plaques, were washed until no detectable radioactivity remained 
on the filters. The minimum of the used SSC concentrations was 0.1 SSC. The filters were allowed to dry 
in air. and autoradiographs were taken by 2 to 3 days of exposure at -70-C. Screening was earned out of 
10.000 mutated M13-P0 plaques and 100 unmutated control plaques by means of an oligonucleotide prabe 
ttBated with 32p-^-ATP. None of the control plaques hybridized to the probe, while 3 to 10 of the mutated 
M13-P0 plaques hybridized to the probe. 

One of the mutated M13-P0 plaques was taken, and was Inoculated to a JM105 culture medium. From 
the resulting supernatant an ssDNA was prepared, and from the bacterial cell pellets a double-stranded 
(ds) DNA was prepared. Analyses were made of the base sequence using appropriate ollgonucleotldB 
primers and ssONAs. 

As a result, it was respectively confirmed that the GGC {G^-9) codon had been changed to an ACC 
(Thr) codon and the AGO (Ser-10) codon had been changed to an ATG (Met) codon; the COG (Pro-14) 
codon. to an ATG (Met) codon; the AAA (Ly5-87) codon, to a TAA (termination) codon; the GAC {AspA2) 
codon. to an AAC (As/j-42) codon: and the CGG {Arg-45) codon. to a CAG (G//?-45) codon. 

Of the mutated M13-P0 phages, the phage in which G/y-9 codon had become a T/ir-encoding codon 
and the Ser-I codon had become a Afef-encoding codon was named M13-PN10 [Its base sequence and the 
amino acid sequence encoded thereby are shown in Rgure 39.]; 

the phage in which the Pro-14 codon had become a Mef-encoding codon. M13-PN14 [Its base sequence 
and the amino acid sequence encoded thereby are shown in Rgure 40]; 

the phage in which the Lys-87 codon had become a termination codon. M13-PC86 [Its base sequence and 
the amino acid sequence encoded thereby are shown in Rgure 41-1: 

the phage in which the Asp-42 codon had become an Asn-encoding codon, M13-PDN42 [Its base sequence 
and the amino acid sequence encoded thereby are shown in Rgure 42.]; and. 
the phage In which the Arg-AS codon had become a G/n-encoding codon. M13-PRQ45 [Its base sequence 
and the amino acid sequence encoded thereby are shown in Rgure 43.]. 



Example 28 

(Production of recombinant DNAs having mutein-encoding base sequence) 
(1) Site-specific mutagenesis: 

In the presence of 0.1 mM adenosine triphosphate (ATP), 50 mM hydoncymethylaminomethane 
hydrochloride (Tris-HCI) having a pH-value of 8.0. 10 mM MgCI.. 5 mM dithiothreitol (DTT) and 9 units of 
T4 kinase, in a total amount of 50 ui. 40 picomoles of the synthetic oligonucleotide: 
5'-CGGACTCCTCTAACTCGGC-3' 

[primer for deleting the recognition site for the restriction enzyme Hpa I in the base sequence, and 
subsequently changing Asn.42 to Arg (see Rgure 38 (6)1 was treated with T4 kinase at 37«C for l hour. 
This kinase-treated primer was heated at 67«C for 5 minutes, and at 42'C for 25 minutes. In 50 ui of a 
mixutre containing 50 mM NaO. 1.0 mM Trls-HCI having a pH-value of 8.0. 10 mM MgCt and 10 mM fi- 
mercaptoethanol. whereby it was hybridized to 5 ng of the single-stranded (ss) M3-PDN 42 DNA. The 
annealed mixture was then cooled on ice. and was added to 50 ul of a reaction mixture containing 0.5 mM 
deoxynucleotide triphosphate (dNTP). 80 mM Tris-HCI having a pH-value of 7.4, 8 mM MgCI,. 100 mM 
NaCI. 9 units of DNA polymerase I Wenow fragment. 0.5 mM ATP and 2 units of T4 DNA ligase. and 
reaction was carried out at 37'C for 3 hours, and at 25"0 for 2 hours, whereafter the reaction was stopped 
by adding 2 iiL of EDTA. The reaction product was used to transform infectable JM 105 cells: the 
ti-ansformant cells were allowed to grow ovemight. whereafter an ssDNA was isolated from the culture 
medium supernatant. Using this ssDNA as a template for the 2nd cycle of primer elongation, gel-punfied 
RF-type DNA was transfbnned into Infectable JM 105 cells; the resulting transformant cells were spread 
over an agar plate, and were cultured ovemight to obtain phage plaques. 
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(2) Screening and identification of plaques made mutagenic: 

Plates containing M13-PDN42 phage plaques mutated by the method of Example 26 using a synthetic 
oligomer [Figure 38 (6)] and 2 plates containing unmutated M13-PDN42 phage plaques obtained in 

5 Example 26 were cooled to 4''C. and the plaques from each plate were transfen-ed to 2 round nitrocellulose 
filters by keeping a dry filter placed on the agar plate for 5 minutes in the case of the 1st filter, and for 15 
minutes in the case of the 2nd filter. The filters were then kept placed for 5 minutes on thick filter papers 
Immersed in 0.2N NaOH. I.Sful NaCI and 0.2% Triton X-100, after wNch they were neutralized by keeping 
them placed for 5 more minutes on filter papers immersed In 0.5M Tris-HCI having a pH-value of 7.5 and 

10 1.5M NaCI. The filters were twice washed on filters immersed in 2 SSC (standard sodium citrate) in the 
same manner, and were allowed to dry, and this was followed by drying at SO^C for 2 hours in a vacuum 
oven. The overlapped filters were subjected to prehybridizatlon at SS'C for 4 hours with 10 ml/fiiter of a 
DNA hybridization buffer solution (5 * SSC) having a pH-value of 7.0 corttaining 4 ^ Denhardf s solution 
(polyvinylpynolidone, Ficoll and bovine serum albumin. 1 ^ = 0.02%). 0.1% sodium dodecyl sulfate (SDS), 

/5 50 mM sodium phosphate-buffered solution having a pH-value of 7.0 and 100 ug/iml denatured salmon 
spenn DNA. Hybridization was carried out at 42' C for 24 hours witti 10* cpm/ml of an oligonucleotida 
primer. Each filter was washed in a buffer solution containing 0.1% SDS and a reduced amount of SSGf at 
SCO for. 30 minutes. The filters were then first washed with a buffer solution containing 2 ^ SSC;*the_ 
control filters, which contained unmutated M13-PON42 plaques were examined for radioactivity using a 

20 Geiger counter. While stepwise reducing SSC concentration, the control filters which conteined unmutated 
M13-PDN42 plaques, were washed until no detecteble radioactivity remained on the filters. The minimum of 
the used SSC concentrations was 0.1 ^ SSC. The filters were allowed to dry in air, and autoradiographs 
were taken by 2 to 3 days of exposure at -TO'C. Screening was can-ied out of 10,000 mutated M13-PDN42 
• plaques and 100 unmutated control plaques by means of an oligonucleotide probe treated with kinase in the 

25 presence of ^zp-y-ATP. None of the control plaques hybridized to ttie probe, while 3 to 10 of the mutated 
M13-PDN42 plaques hybridized to the probe. 

One of the mutated M13-PDN42 plaques was taken, and was inoculated to a JM105 culture medium. 
From the resulting supernatant an ssDNA was prepared, and fi'om the bacterial cell pellets a double- 
stranded (ds)DNA was prepared. Analyses were made of the base sequence using an appropriate 

30 oligonucleotide primer and ssDNA. 

As a result, it was confirmed that the AAC {Asn-42) codon had been changed to an AGA (Arg) codon. 
Of the mutated M13-PDN42 phages, the phage in which the Asn-42 codon had become an Arg- 
encoding codon was named l^13-PNR42. Its base sequence and the amino acid sequence encoded 
thereby are shown In Rgure 44. 

35 

Example 29 

(Stabilities of the Muteins CS2, CS3 and CS23) 

40 

Examinations were made of the stabilities under acid conditions of human bFGF purified by heparin 
HPLC and the muteins CS2. CS3 and CS23 (those obtained in Example 24) as follows: The muteins and 
human bFGF, in solution in 50mM Na-acetete (pH 4.0) adjusted to 1 ug/ml concentration, were separately 
incubated at 37«C. Incubation time was varied between 0 and 1 hour at Intervals of 10 minutes, and 

45 activities were determined for respective incubation times using the mouse BALB/c3T3 cell system 
(mentioned above). Activities for respective incubation times were calculated in percent ratio based on the 
activities of non-incubated standard samples, taken as 100%. and were plotted to obtain the graphs shown 
in Rgure 45. In Rgure 45. -a-, -■-and -O-respectively indicate the results from human bFGF, the 
mutein CS2, the mutein CS3 and the mutein CS23. Human bFGF almost completely Inactivated iteelf within 

50 10 minutes, while the muteins remained active for longer periods in the ascending order of CS2, CS3 and 
CS23. The mutein CS23 maintained about 50% activity even 20 minutes later. As a result, these muteins 
proved to have greater stebillty than that of human bFGF. 



55 Example 30 



39 



0 281 822 



(Human umbilical cord vascular endothelial cell proliferation promoting activities of muteins) 

Detenninations were made of the vascular endothelial cell proliferation promoting activities of human 
bFGF purified by heparin HPLC and the muteins CS2, CS3 and CS23 (those obtained in Example 24). The 

5 procedure used for the determinations is as follows: Human vascular endothelial cells were obtained from 
human umbilical cord vein by perfusion using a trypsin solution, and were maintained by subculture using 
liquid medium prepared by adding 2.5% fetal bovine serum and 2.0 ng/mi human bFGF to QIT medium 
(produced by Daigo Eiyo Kagaku K.K.. Japan). To a 96-well cuftivation plate (Nunc. 1-67008) lOOul of a 
suspension of 2 103 human vascular endothelial cells was seeded, and this was followed by cultivation in 

10 a constant temperature chamber filled with carbon dioxide. Next day, FGF in such amount that final 
concentration was 2 ng/mt and 100 ilL of a medium containing samples at various concentrations were 
added After 3 days of cultivation, the medium containing the sample was aspirated, and 100 m of a 1 
mg/1 ml MTT solution (prepared by dissolving 3-(4.Wimethyl-2-thiazolyl)-2.5-diphenyl-2H-tetrazolium 
bromide in the medium) was added, and this was followed by incubation for 4 hours. 100 ul of a 10% SDS 

fs solution (aqueous solution of sodium dodecyl sulfate) was then added, and incubation was earned out for 5 
to 6 hours to solubilize the cells and MTT pigment, whereafter ODso. value was determined by means of a 
spectrophotometer. Calculations were made of the cell proliferation rates for respective sample concentra- 
tions in percent ratio based on the maximum proliferation rate obtained with 8.0 ng/ml human bFGF, taken 
as 100% and detenninations were made of the specific activities by comparing the concentrations which 

20 resulted in 50% proliferation rate with the concentration of standard FGF sample. The specific activities thus 
detennined are shown in Table 5. 

Table 5 



FGF 


Specific Activity 


CS2 


1.6 


CSS 


3.0 


CS23 


2.5 


Human bFGF 


1.0 



Based on these results, it was recognized that the muteins are higher in specific activity than human 
bFGF. 



Example 31 

(Angioneogenesis potencies of muteins. detennined by the CAM method) 

4S 

Investigations were made of the angioneogenesis potencies in vivo of human bFGF purified by heparin 
HPLC and the muteins CS2. CS3 and CS23 (those obtained in Example 24). The procedure was by CAM 
(Chlorio-ailantolc membrane) assay. A slightly modified technique of Auerbach's method [Developmental ^ 
Biology. 41, 381 (1974)] was used for CAM assay. After 3 days of incubation at 37"C in an incubator, 

M fertilized fowl eggs had their shells removed, and were further incubated at 37<'C for 1 more week using a 

Napco carbon dioxide incubator 6300 (CO.:0%. H^O:saturated). An aqueous solution of each protein was ^ 
spotted over polypropylene disks having a diameter of 6 mm so that each protein was present in amounts 
of 625. 12.5. 25.0 and 50.0 ng. After air-drying in clean bench, the disks were Incubated at 37-0 for 3 more 
days while kept standing on fowl chorio-allantoic membrane, and observations were made of angiogenesis v^. .. 

55 states by means of a stereoscopic microscope. The obtained results are shown in Table 6. NB: A total of 18 
eggs for each sample were used, and the figures in the table represent in percent ratio the numbers of 
eggs in which angiogenesis was noted. 
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Table 6 



5 






Angiogeaesis Potency (%) 






FGF 


50.0 


25.0 


12.5 


6.25 ng 




CS2 


77.8 


44.4 


22.2 


0.0 


10 


CS3 


72,2 


61.1 


16.7 


0.0 




CS23 


72.2 


55.6 


22.2 


0.0 


15 


Human bFGF 


94.4 


50.0 


33.3 


0.0 




Carrier 


11.1 


5.6 


11.1 


0.0 



From Table 6. it is obvious that the bFGF muteins possess anglogenesis potencies which are nearly 
equivalent to that of the control human bFGF. 



Example 32 

(Expression in Escherichia coli of gene which encodes human bFGF mutein) 

(1) Construction of the plasmid pTB854 for human bFGF mutein expression: 

The M13-PN10 replicative fomi (RF) obtained in Example 27 above was treated in the manner 
described in Bcample 2 (1) to construct the plasmid pTB854 for human bFGF mutein (Figure 46)^ 

UsVng this plasmid pTBa54. Escherichia coli MM294 was transfomied. whereby the strain Escher,ch,a 
coli MM294/pTB854 was obtained, which harbors the plasmid pTBa54 containing the mutein^ncoding gene 
shown in Rgure 39. 

(2) Preparation of bacterial cell extract: 

The above-mentioned transfomiant was cultured by the method 
supernatant, which was then used as a bacterial cell extract 



described in Example 2 (2) to give a 



(3) Human bFGF activity of the bacterial cell extract 

A detemiination was made of the human bFGF activity of the bacterial cell extract obtained in (2) 
above, by ttie method described in Example 2 (3). 

As a result, the bacterial cell extract from E. coli MM294/pTB854 exhibited FGF achvity. 

The mutein TMSIO. in which Qly at the 9^i6on and Ser at the lOiJOsWon of human bFGF had bean 
replaced by Thr and Met. respectively, was thus obtained. 



Example 33 

(Expression in Escherichia coli of gene which encodes human bFGF mutein) 
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(1) Construction of piasmid pTB852 for human bFGF mutein expression: 

Th« DNA of the piasmid pTB8S4 which was obtained In the above Example 32 was cleaved with 

48. 

(2) Preparation of bacterial cell extracf. 

The above-mentioned transformant was cultured by the method described in Example 2 (2) to give a 
supernatant, which was then used as a bacterial cell extract 

(3) Human bFGF activity of the bacterial ceil extract 

A detemiination was made of the human bFGF activity of the bacterial cell extract obtaned in (2) 

'""l rsuirrbac^^^^^^^^^ con MM2e4/pTB852 exhibited FGF ac«vlty. T.e mutein 

NlOJnVrhle amino acid sequence of from Pro at the 2-posltion to Ser at the 10-po«t.on of human 
bFGF had been deleted, was thus obtained. 

Example 34 

(Expression in Escherichia co// of gene which encodes human bf^GF mutein) 

(1) Construction of the piasmid pTB795 for human bFGF mutein expression: 

The M13-PN14 replicative form (RR obtained in Example 27 above was treated in the manner 
H^rihed in Examole 2 (1) to construct the piasmid pTB795 for human bFGF mutein (Figure 49). 
' U ii^Tsmi T^^^^^^^ «94 was transformed whereby «.e stramEsc^-^a 

CO// MlK/pTB795 (IFO 14700. PERM BP-1660) was obtained, which contains the piasmid pTB795 
containing the mutelrvencoding gene shown in Figure 40. 

(2) Preparation of bacterial cell extract 

The above^entioned transfomiant was cultured by the method described in Example 2 (2) to give a 
i supernatant, which was then used as a bacterial cell extract. 

(3) Human bFGF activity of the bacterial cell extract. 

, A determination was made of the human bFGF activity of the bacterial cell extract obtained in (2) 

"^l a^lrttatS?^^^^^^ coll MM294/PTB795 e^l^ted FGF ac«v^. The- muteh 

N14jn w"a,Sfr^^ sequence of from Pro at the 2-posl«on to Pro at tl.e 14-pos.ton of human 
bFGF had been deleted, was thus obtained. 

5 

Example 35 



42 



0 281 822 



(Expression in Escherichia coli of gene which encodes human bFQF mutein) 
(1) Construction of the plasmid pTB796 for human bFQF mutein expression: 

The M13-PC86 repiicative form (RF) obtained In Example 27 above was treated in the manner 
described in Example 2 (1) to construct the plasmid pTB796 for human bFQF mutein (Figure 50). 

Using this plasmid pTB796, Escherichia coli MM294 was transformed, whereby the strain Eschenchia 
coli MM294/pTB796 (IFO 14701. PERM BP-1681) was obtained, which contains the plasmid pTB798 
containing the mutein-encoding gene shown in Rgure 41. 



(2) Preparation of bacterial cell extract: 

The above-mentioned transformant was cultured by the method described in Example 2 (2) to give a 
supernatant, which was then used as a bacterial cell extract 



(3) Human bFGF activity of the bacterial cell extract 

The cell extract obtained in the above (2) was subjected to an enzyme immunoassay (EIA). sandwich 
method, using monoclonal antibody as shown below (a) to (j). 

As a result, it is confirmed that bFGF mutein C86 is present in the cell extract. The mutein C86. in 
which the amino acid sequence of from Lys at the •87-position to Set at the 147-position had been deleted, 
was thus obtained. Said EIA using monoclonal antibody was carried out by the following method: 



(a) Immunization: 

BALB/c mice (male, 4-w8el< old) had the antigen human bFGF (as obtained in Reference Example 2) In 
solution in 0.4 ml of Freund's complete adjuvant (Oifco Laboratories, USA) injected intraperitoneally. Tliree 
weeks later. 10 ug of the antigen hbFGF in solution in 0.4 ml of Freund's incomplete adjuvant was 
intraperitoneally administered. Further 3 weeks later, the same additional immunization was canrted out, and. 
two weeks later. 10 (ig of human bFGF in solution in physiological saline was intraperitoneally inoculated. 



(b) Cell fusion: 

From the immunized mice mentioned in said (a), ttw spleen was excised 4 days after final antigen 
challenge to thereby obtain cells to be used for cell fusion. These cells were suspended in a medium 
prepared by mixing together Isokov medium and Ham F-12 medium In a ratio of 1:1 (hereinafter referred to 
as IH medium). ^ , 

The mouse myetoma cell P3-X63-AQ 8UI was subcultured In RPM1 1640 medium containing 10% fetal 
bovine serum under an atmosphere of 5% carbon dioxide and 95% air. 

Cell hision was conducted in accordance with the method established by K5hlar and Milstein [Kohler, 
G. and Milstein, C: Nature, 256. 495 (1975)]. 2.9 ^ 10' cells of the above myeloma cell line and 1.5 10* 
immunized lymphocytes obtained by the above-mentioned method were mixed together and centrlfuged. 
and 45% polyethylene glycol 6000 (hereinafter referred to as PEG 6000) in solution in 0.3 ml of IH medium 
was dropwise added. The PEG 8000 solution was preheated to 37«C, and was gradually added. Five 
minutes later, the 37<'C-preheated IH medium was added at a rate of 0.5 ml per minute to make 10 ml. 
The solution was then centrlfuged at room temperature at 600 rpm for 15 minutes, and the supernatant was 
removed. This cell precipitate was suspended in 200 ml of IH medium containing 20% calf serum, and this 
suspension was transferred to a 24-well microplate (Unbro) in an amount of 2 ml per well. One day l^r, 
IH medium (containing 20% calf serum) supplemented with HAT (1 MO * M hipoxanthine. 4 10 ' M 
aminopterin. 1.6 10"* M thymidine) (hereinafter refen-ed to as HAT medium) was added to the miaoplate 
In an amount of 1 ml per well, and, further three days later, one half amount of the medium was replaced 
with HAT medium. The cells thus grown are hybrid cells. 
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(c) Search for antibody-producing cells: 

Previously, the hybrid cell culture supernatant was added in an amount of 100 iiL per well to a 96-well 
miaotiter plate made of polystyrene which had had human bFGF immobilized thereto, and incubation was 
carried out at room temperature for 2 hours. The incubation supernatant was removed, and. after washing, 
the horse radish peroxidase {HRP)-labeled antimouse IgG goat antibody (Miles Laboratories) was added as 
the secondary antibody, and incubation was carried out at room temperature for 2 hours. The secondary 
antibody was removed, and. after thoroughly washing the wells, coloring reaction was carried out In the 
presence of added reaction substrate (EIA method). By this method potent valency was observed in 3 wells. 



(d) Cloning of hybrid cells: 

Cells in each of these three cells were sown to 0.5 cell per well to a 96-well microtiter plate which had 
had 10' cellsAwell mouse thymocytes as vegetative cells sown thereon, and cloning was carried out As a 
result, three clones, namely the mouse hybridoma HbF52 (IFO 50143) and the mouse hybridoma HbF78 
(IFO K)144) were obtained. 



(e) Ascitization of hybrid cells: 

2 1 C cells of each of the mouse hybridoma HbF52 or the mouse hybridoma HbF78 was inoculated to 
mice which had had mineral oil previously administered intraperitoneally. Ten days later, ascites in an 
amount of 2 ml was collected from each mouse, whereby the monoclonal antibody MoAb52 and the 
monoclonal antibody MoAb78 were respectively obtained. 

(f) Thus obtained monoclonal antibody MoAb 78 was subjected to purification from ascites fluid in 
accordance with the method of Stachelin et al. The Journal of Biological Chemistry. 256. 9750 (1981). Thus 
obtained antibody was concentrated to more than 2 mg/ml. and subjected to dialysis in 0.2M phosphate 
buffer (pH 7.0). To thus obtained 1.4 ml solution of MoAb 78 (concentration 2.8 mg/ml), 50 iiL of S- 
acetylmercaptosuccinic anhydride (Aldrich Co.. U.S.A) dissolved in N.N'-dimethylformamide was added so 
as to be the concentration of 11.5 mg/ml. The air in the reaction vessel is replaced by nitrogen gas. The 
vessel was sealed, and subjected to stirring so as to cause the reaction of introducing SH group. The 
unreacted S-acetylmercaptosuccinic acid anhydride was inactivated by the treatment for 10 minutes with 
130 III of 0.2M Tris • HCI (pH 7.0). 13 IiL of 0.2M EDTA and 130 ul of 2M hydroxyaniine (pH 7.0). The 
MoAb 78 was recovered by gel fil tration using a column packed with Sephadex G-25 (diameter 1 cm 80 
cm, Farmacia, Sweden) (flow rate: 20 ml/hour). 

(g) 10 mg of horse radish peroxidase (HRP. Behringer Manheim. Grade I. West Qemiany) was dissolved in 
1 4 ml of 0 1M phosphate buffer (pH 6.8). On the other hand. 14 mg of N-hydroxysuccinimide ester of N- 
(4-corboxy cyclohexyl methyl) maleimide was dissolved in 335 ui of DMF. and 100 ut of thus obtained 
solution was added to the HRP solution above mentioned. The air in the reaction vessel was replaced by 
nitrogen gas. and the vessel was sealed. After 1 hour reaction at room temperature, proteins of the portion 
of the monoclonal MoAb 78 Introduced with SH group were recovered by gel filtration using a colomn 
packed with Sephadex Q-25 as in the above (f). 

(h) 6 ml of the portion of the monoclonal antibody MoAb 78 Introduced with SH group obtained in the 
above (f) and 2 ml of the portion of HRP Introduced with maleimide group obtained In the above (g) were 
mixed, and the mixture was concentrated to 1 ml using collodion bag (Sartorius. West Germany) under 
reduced pressure at 4''C for 20 hours. After the reaction, the unreacted HRP introduced with SH group was 
removed with the uso of Ultrogel aJI^44 (LKB Co., diameter 1 cm 80 cm. Sweden) column (flow rate: 10 
ml/hour). In the eluates. the fraction containing 2.4 HRP/antibody has the most high HRP number per 
antibody molecule. Thus obtained was employed In the EIA in the following Item (i). 

(i) The monoclonal antibody MoAb 52 obtained in the above (e) was purified by the manner described In 
the above (f). The monoclonal antibody MoAb 52 was diluted with PBS so as to be 10 ug/ml or 20 ug/ml. 
and the diluent was poured into Immunoplate (Nunc. Denmari<) so as to be 100 nt/well. The plale was kept 
standing at 4»C overnight to adsorbe the monoclonal antibody MoAb 52 to the plate. After removing the 
antibody which is not adsort3ed. the plate was washed with PBS thrice. PBS containing 0.01% merthiolate 
and 1% bovine serum albumin (BSA) was added to the plate at 200 ut/well. and the plate was kept 
standing at 4'C overnight. 

(I) The cell extract containing bFGF mutein 086 obtained In the above (2) was diluted with PBS containing 
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0.1% BSA. From the plate obtained in the above (i). BSA solution was removed, the plate was washed with 
PBS four times, and the diluted bFGF mutein C88 was added to the plate so as to be 100 m/well to 
adsorbs to the plate at 4»C overnight. The unreacted mutein C86 was removed, and the plate was washed 
with PBS four times. The monoclonal antibody conjugated with HRP obtained in the above (h) was diluted 
with PBS containing 0.1% BSA to 1/300. and the diluent was added to the plate so as to be 100 ul/well. 
The reaction was carried out for 4 hours at room temperature. After removing the antibody, the plate was 
washed with PBS for 6 times, substrate for oxidase (Bio. Rad Co. U.S.A) was added to the plate so as to be 
100 ul/well. Quantification was accomplished by absorbance nrreasurements at 415 nm. and It was 
confirmed that a small amount of the mutein 088 was produced. 



Example 36 

(Expression in Escherichia coli of gene which encodes human bFGF mutein) 

(1) Construction of the plasmid pTB797 for human bFGF mutein expression: 

The M13-PDN42 replicative form (RF) obtained in Example 27 above was treated in the manner 
described in Example 2 (1) to construct the plasmid pTB797 for human bFGF mutein (Rgure 51). 

Using this plasmid pTB797, Escherichia coli MM29i was transfbmned. whereby the strain Escherichia 
coli IVIM294/pTB797 (IFO 14702. FERM BP-1862) was obtained, which harbors the plasmid pTB797 
containing the mutein-encoding gene shown in Rgure 42. 

(2) Preparation of bacterial cell extract 

The above-mentioned transformant was cultured by the method described in Example 2 (2) to give a 
supernatant, which was then used as a bacterial cell extract 

(3) Human bFGF activity of the bacterial cell extract: 

A determination was made of the human bFGF activity of the bacterial cell extract obtained in (2) 
above, by the method described in Example 2 (3). 

As a result, the bacterial cell extract from E. coli Mfwl294/pTB797 exhibited FGF activity. The mutein 
DN42. in which Asp at the 42'position of human bFGF had been replaced by Asn. was tfius obtained. 



Example 37 

(Expression in Escherichia coli of gene which encodes human bFGF mutein) 

(1) Construction of the plasmid pTB79g for human bFGF mutein expression: 

The M13-PRQ45 replicative form (RF) obtained in Example 27 above was treated in the same manner 
as in Example 2 (1) to construct the plasmid pTB7g9 for human bFGF mutein (Rgure 52). 

Using this plasmid pTB799, Escherichia coli MM294 was transformed, whereby the strain Escherichia 
coli MM294/pTB799 was obtained, which harbors the plasmid pTB799 containing the mutein-encoding gene 
shown in Rgure 43. 

(2) Preparation of bacterial cell extract 

The above-mentioned transformant was cultured by the method described In Example 2 (2) to give a 
supernatant, which was then used as a bacterial cell exbact 
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(3) Human bFGF activity of ttie bacterial cell extract 

A determination was made of the human bFGF activity of the bacterial cell extract obtained in (2) 
above, by the method described in Example 2 (3), 

M a result the bacterial cell extract from E.coli MM294/pTB799 exhibited FGF activity. The mutein 
RQ45. in which Arg at the 45i)OSition of human bFGF had been replaced by Gin. was thus obtained. 



Example 38 

(Expression in Escherichia coli of gene which encodes human bFGF mutein) 

(1) Construction of the plasmid pTB798 for human bFGF mutein expression: 

« The M13-PNR42 replicative form (RF) obtained in Example 28 above was treated In the manner 
described in Example 2 (1) to construct the plasmid pTB798 for human bFGF mutein (Rgure 53). 

Using ils Znid pTB79a EsohericNa coH mm was transformed, whereby the strain E^Brichla 
coli MM^4/pTB798 was obtained, which harbors the plasmid pTB798 containing the mutein-encoding gene 
shown in Figure 44. 

20 

(2) Preparation of bacterial cell extract: 

The above-mentioned transfonr^ant was cultured by the method described In Example 2 (2) to give a 
25 supernatant Which was then used as a bacterial cell extract 

(3) Human bFGF acfivity of the bacterial cell extract 

30 A determination was made of the human bFGF activity of the bacterial cell extract obtained in (2) 
above, by the method described in Example 2 (3). 

a result the bacterial cell extract from E. coli MM294/pTB798 exhibited FGF achvrty. THe mutein 
NR42. In which Asp at the 42-position of human bFGF had been replaced by Arg. was thus obtained. 

35 

Example 39 

(Production of recombinant DNAs having mutein-encoding base sequence) 

40 (1) Site-specific mutagenesis: 

In the presence of 0.1 mM adenosine triphosphate (ATP), 50 mM hy doixymethylaminomemane 
hydrochtoride (Tris-HGl) having a pH-value of 8.0. 10 mM MgCI. 5 mM dithiothreitol (DTT) and 9 units of 
T4 kinase, in a total amount of 50 ut, 40 picomoles of the synthetic oligonucleotide: 

45 5'-TCTTCTCCAGGGATGCGTT-3' . ^ ^ 

[primer for adding the recognition site for the restriction enzyme BamHI in f ^ase sequence and 
subsequentiy changing Val.44 to Ser and Arg 45 to Leu (see RguiB 38 was tr^d mm 14 W^^^^ 
37-0 for 1 hour This Wnase-treated primer was heated at 67'C for 5 minutes, and fJ^'^J^fj^^^^^' 
in 50 Ul of a mixture containing 50 mM NaCl. 1.0 mM Tris-HCl having a pH-value of 8.0 ^0 '"^ MgCl. and 

so 10 mM p-mercaptoethanol. whereby it was hybridized to 5 ug of the single-stranded (ss) M3-PDN 42 DNA^ 
The annealed mixture was then cooled on ice. and was added to 50 ul of a re^on "^'^"^^J^"^^^^^ 
mM deoxynucleotide triphosphate (dNTP). 80 mM Tris-HCl having a pH-value of 7.4. f mM Mga 1(X) mM 
NaCI 9 units of DMA polymerase I Wenow fragment 0.5 mM ATP and 2 unrts of T4 DNA ligase. and 
reaction was carried out at 37'C for 3 hours, and at 25'C for 2 hours, whereaft^ f^/^^^f^^^^^^^f 

«s by adding 2 ul of EDTA. The reaction product was used to transform infectable JM 105 cells, the 
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transformant cells were allowed to grow overnight, whereafter an ssDNA was isolated from the culture 
medium supernatant. Using this ssDNA as a template for tfie 2nd cycle of primer elongation, gel-purified 
RF-type DNA was transformed into infectable JM 105 cells; the resulting transformant cells were spread 
over an agar plate, and were cultured overnight to obtain phage plaques. 

5 

(2) Screening and identification of plaques made mutagenic: 

Plates containing fi413-PDN42 phage plaques mutated by the method of Example 27 using said 

10 synthetic oligomer (oligonucleotide) [Figure 38 (7)] and 2 plates containing unmutated M13-PDN42 phage 
plaques obtained in Example 26 were cooled to 4''C, and the plaques from each plate were transferred to 2 
round nitrocellulose filters by keeping a dry filter placed on the agar plate for 5 minutes in the case of the 
1st filter, and for 15 minutes in the case of the 2nd filter. The filters were then kept placed for 5 minutes on 
thicic filter papers immersed in 0.2N NaOH, 1.5M NaCI and 0.2% Triton X-100, after which they were 

15 neutralized by keeping them placed for 5 more minutes on filter papers immersed in 0.5M TrIs-HCI having a 
pH-value of 7.5 and ^SM NaQ. The filters were twice washed on filters immersed In 2 SSC (standard 
sodium citrate) in the same manner, and were allowed to dry. and this was followed by drying at BO'C for 2 
hours in a vacuum oven. The overlapped filters were subjected to prehybridization at 55 "C for 4 hours with 
10 ml/filter of a DNA hybridization buffer solution (5 ^ SSC) having a pH-value of 7.0 containing 4 ^ 

so Denhardt's solution (polyvinylpyrrolidone. Rcoil and bovine serum albumin, 1 ^ = 0.02%), 0.1% sodium 
dodecyl sulfate (SDS). 50 mM sodium phosphate-buffered solution having a pH-value of 7.0 and 100 ug/mt 
denatured salmon sperm DNA. Hybridization was carried out at 42'C for 24 hours with 10* cpm/ml of an 
oligonucleotide primer. Each filter was washed in a buffer solution containing 0.1% SOS and a reduced 
amount of SSC at 50»C for 30 minutes. The filters were then first washed with a buffer solution containing 2 

25 ^ SSC; the control filters, which contained unmutated M13-P0N42 plaques were examined for radioactivity 
using a Geiger counter. While stepwise reducing SSC concentration, the control filters, which contained 
unmutated M13-PDN42 plaques, were washed until no detectable radioactivity remained on flie filters. The 
minimum of the used SSC concentrations was 0.1 ^ SSC. The filters were allowed to dry in air, and 
autoradiograpfis were taken by 2 to 3 days of exposure at -70'C. Screening was carried out of 10,000 

30 mutated M13-PDN42 plaques and 100 unmutated control plaques by means of an oligonucleotide probe 
treated with kinase in the presence of ^P^y-^TP. None of the control plaques hybridized to tfie probe, while 
3 to 10 of the mutated rt/I13-PDN42 plaques hybridized to the probe. 

One of the mutated M13-PDN42 plaques was taken, and was inoculated to a JM105 culture medium. 
From the resulting supernatant an ssDNA was prepared, and from the bacterial cell pellets a double- 

35 stranded (ds)DNA was prepared. Analyses were made of the base sequence using an appropriate 
oligonucleotide primer and ssDNA. 

As a result, it was confirmed that the GTC (Val-44) codon and CQG (Arg-45) codon had been changed 
to TCC (Ser) codon and CTQ (Leu) codon. respectively. 

Of the mutated IWI13-PDN42 phages, the phage in which Val-44 codon and Arg-45 codon had become 

40 Ser-encoding codon and Leu-encoding codon, respectively was named M13-PINT. Its base sequence and 
the amino acid sequence encoded tiiereby are shown in Rgure 54. 



(3) Construction of the plasmid pTB853 for human bFGF mutein expression: 

The M13-PINT replicafive form (RF) obtained in the above (2) was treated in the manner described in 
Example 2 (1) to constnjct tfie plasmid pTB853 for human bFGF mutein (Rgure 55). 

Using this plasmid pTB853, Escherichia coli MM294 was transformed, whereby the strain Escherichia 
00// IWIM294/pTB853 was obtained, which contains the plasmid pTB853 containing the mutein-encoding 
50 gene shown in Rgure 54. 



(4) Preparation of bacterial cell extract: 

55 The above-mentioned transfomnant was cultured by the method described in Example 2 (2) to give a 
supernatant, which was then used as a bacterial cell extract 
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(5) Human bFGF activity of the bacterial cell extract: 

A determinaticr. was made of the humar, bFGF activity of the bacterial cell extract obtained in (4) 

^"^ra^rrbSi^i^^^^^^^ c»li MM294,pTB853 exhibited FOF ac^vi,^^^^^^^^^^^ 

F.NT in "ich S at 42-posWon. at 44.pos«on and Arg at 45,^s«ion or human bFGF had been 
replaced by Asn, Ser and Leu. respectively, was thus obtained. 



(Expression in Escherichia coffof gene which encodes human bFGF mutein) 

(1) Construction of the plasmid pTB855 for human bFGF mutein expression: 

The DNA of the plasmid pTB669 which was obtaned in ^Tnt'^rr^^^^^ 
cleaved with a restriction enzyme Hinc II. and it was llgated wrth EcoR I linker p(5 CATGMTTCATQ 3^ 
mTT4 DNA fa^rreactK^ Thus obtained DNA was further cleaved with a restncton enzymes &oR I 

,0 DNA ^ment obtained in Example 2 {1 ). the fragment being obt^ned by c ^Cs^e^ed^Rg"* 
EcoR 1-Pst I. to obtain the plasmid pTB855 for human bFGF mutein expression was constructed (Mgure 

using this plasmid 855. Eschenchfa coli MM294 was transformed, whereby *«^f ^jj^jf °f 
MM294/PTB855. which contains the plasmid pTB855 having the mute.n-encod.ng gene shown in Figure 57. 

25 

(2) Preparation of bacterial cell extract: 

The above-mentioned transfom,ant was cuftured by the method described in Examf^e 2 (2) to give a 
30 supematant. which was then used as a bacterial cell extract 

(3) Human bFGF activity of the bacterial cell extract 

,s A determination was made of the human bFGF activity of the bacterial cell extract obtained in (2) 

N41 Jn whTh the amfno add sequence of from Pro at the 2^sition to Val at the 41-pos.hon of human 
bFGF had been deleted, was thus obtained. 

40 

Example 41 

(Expression in Escherichia coli of gene which encodes human bFGF mutein) 

(1) Construction of the plasmid pTB856 for human bFGF mutein expression: 

The DNA Of the plasmid pTB669 which was obtained in the above 
partly ciLed with a restrictfon enzyme BamHI so as to obtain BamHI recognrt«Dn site .n bFGF^ne. 
eo Kf^^rther cleaved w^ Escherichia coli DNA polymerase ' ^1",^°;^^^^^^^^^ 
dGTP dTTP to give blunt end. This DNA is llgated with Nhel linker p(5 CTAGCTA6CTAG 3 ) under 14 
DNA iaa^ reac^r Afier treating with the restriction enzyme Nhel and ligating the cleaved site und^ T4 
ml iaaJe Son the plasmid pTB856 for human bFGF mutein expression was constructed (Rgure 58) 

^ CO// M^94/pTB856 which contains the plasmki pTB856 having the mute.n-encod.ng gene shown .n Rgure 
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(2) Preparation of bacterial cell extract: 

The above-mentioned transformant was cultured by the mettiod as in Example 2 (2) to give a 
supernatant, which was then used as a bacterial cell extract 
s (3) The ceil extract obtained in the above (2) was subjected to an enzyme immunoassay (EIA). sandwich 
method, as the manner described in Example 35 (3). As a result, it is confirmed that bFGF mutein Is 
present in the cell extract The mutein C129, in which the amino acid sequence of from Lys at the 130- 
position to Ser at the 147-position had been deleted, was ttus obtained. 

10 

Example 42 

(Exfvession In animal cell of gene which encodes human bFGF mutein) 

IS (1) Construction of the plasmids pT8831, pTB833 and pTB835 for human bFGF mutein expression: 

The plasmid pTB762, which was obtained in Example 7 above mentioned, was cleaved with the 
restriction enzymes EcoR i-Bam HI to obtain a 0.38 kb DNA fragment containing a coding region which 
encodes human bFGF mutein CS23. in which Cys at the 70-position and at the 88-position had been 
20 replaced by Ser. 

On the other hand, the plasmid pTB504 (Example 1 (ii) of Japanese Patent Laid-open No. 62-175182 
which corresponds ta European Patent Publication No. 225. 701] was cleaved with the restriction enzyme 
Cla l-EcoR I to obtain a 1.7 kb DNA fragment containing murine leukemia virus (MuLV) LTR region, SV40 
• early promoter, splice junction and human interleukin-2 (IL-2) leader sequence. 

25 Furthemiore. the plasmid pTB627, which was obtained in Reference Example 1, was cleaved with the 
restriction enzyme Cla l-EcoR I to give 2 kb DNA fragment, and the plasmid pTB389 was cleaved with the 
restriction enzyme Cla l-EcoR I to give 2.6 kb DNA fragment Thus obtained 2 kb DNA fragment and 2.8 kb 
DNA fragment was iigated to give tiie plasmid pTB675, which encodes human bFGF. The above plasmid 
pTB389 was obtained by converting each of the PstI cleavage site at flie 5'-terminal region and the BamHI 

30 cleavage site at the 3'-temiinal region of the interleukin-2 gene region of plasmid pTBIOS (disclosed in 
Japanese Patent Laid-open No. 61-83282 which coffesponds to European Patent Publication No. 172. 619) 
to EcoRI. to remove the interleukin-2 gene region. Then, the plasmid pTB675 was cleaved with the 
restriction enzymes Clal-BamHI to give 3.4 kb DNA fragment which contains a coding region for amirw 
acids at C-terminus of human bFGF. a non-coding region, ampicilline resistant gene originated from piasmW 

35 pBR322, and replication origin in Escherichia cxili. 

The above three DNA fragments (i.e. 0.38 kb DNA fragment. 1.7 kb DNA fragment and 3.4 kb DNA 
fragment) were Iigated by the use of T4 DNA llgase to give the plasmid pTB831 (Figure 60). 

SImilariy, the plasmid pTB763 obtained in Example 18, which encodes the human bFGF mutein CS14 
(In which Cys at the 26-and 93-posltlons of human bFGF had been replaced by Ser.) or the plasmid 

40 pTB765 obtained In Example 1 1, which encodes the human bFGF mutein CS 1234 (in which Cys at the 26-, 
70-. 88-and 93-posltlons of human bFGF had been replaced by Ser.) was used instead of the plasmkj 
pTB762 in the above procedure, whereby the plasmid pTBa33 and the plasmid pTB835. respectively, were 
constructed. 

45 

(2) Expression in animal cells: 

Monkey C0S7 cells were seeded into tissue culture dishes of 6 cm diameter with DMEM medium 
containing 10% fetal calf serum, and after 24 hours the culture medium was replaced by a new one. After 4 

50 hours. 10 ng DNA of the plasmid pTBa31. pTB833 or pTBSSS was transfected to the C0S7 cells in 
accordance with calcium phosphate method [Graham et al. Virology. 52. 456 (1973)]. The next day the 
culture medium was replaced by DMEK/I medium containing 1% fetal calf serum. After 48 hours cultivation, 
cultured broth including cells was collected and cells were recovered. The cells were washed with PBS 
twice, and then suspended in PBS. The suspension was treated with ultrasonic treatment in a short time. 

55 and then subjected to centrlfugatlon for 15 minutes at 1 5.000 rpm to give supernatant 

A determination of human bFGF activity was made on the cuftured broth of C0S7 cells infected with the 
plasmid and on the extract from the cells, by the method described in Example 2 (3). The results thus 
obtained are shown in Table 7. 
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Table? 







FGF Activity (ng/dish) 


Plasmid 


Mutein 


Cultured broth 


Extract from cells 


pTB831 


CS23 


115 


420 


pTB833 


CSU 


0.2 


35 


pTB835 


CS1234 


1.1 


20 






<0.02 


1 



Claims 

1 . A mutein of basic fibroblast growtii factor (bFGF). 

2. A mutein as claimed in Claim 1, wherein at least one amino acid lacks from the constituent ammo 
acid of bFGF. , ^ ^ 

3. A mutein as claimed in Claim 1, wherein at least one constituent amino aad is replaced by other 
amino acid. 

4. A mutein as claimed in Claim 1. wherein the bFGF includes the amino acid sequence: 
Phe-Phe-Leu-Arg-lle-His-Pro-Asp-Gly-Arg-Val-Asp-Gly-Val-Arg-Glu-Lys-Ser-Asp-Pro 

in its molecule. 

5. A mutein as claimed in Claim 3, wherein the constituent amino acid which is to be replaced Is 

cysteine. , ^ u. *, i 

6. A mutein as claimed in Claim 3, wherein at least one constituent cysteine is replaced by a neutral 

amino acid. 

7. A mutein as claimed in Claim 1, wherein at least one constituent cysteine is replaced by senne. 

8. A mutein as claimed in Claim 3, wherein the constituent amino acid which Is to be replaced is 
aspartic acid, arginine. glycine, serine and/or valine. 

9. A mutein as claimed in Claim 2. wherein at least one amino acid lacks from the amino terminal of the 
constituent amino acids of bFGF. 

10. A mutein as claimed in Claim 2. wherein at least one amino acid lacks from the carboxyl terminal of 
the constituent amino acids of bFGF. 

11. A recombinant DNA having a base sequence which codes for a mutein of basic fibroblast growth 
factor (bFGF). 

12. A recombinant DNA as claimed in Claim 11, wherein at least one ammo acid lacks from the 
constituent amino acid bFGF. 

13. A recombinant DNA as claimed In Claim 11, wherein at least one constituent amino acid Is replaced 
' by otfier amino add. 

14. A recombinant DNA as claimed In aalm 11, wherein at least one constituent cysteine is replaced 

serine. . ^. ^ . ^ . 

15. A recombinant DNA as claimed in Claim 13, wherein the consttuent ammo acid which is to be 
replaced is aspartic acid, arginine, glycine, serine and/or valine. 

' 1 6. A recombinant DNA as claimed in Claim 1 2, wherein at least one amino adds lacks from the amino 
terminal or the carboxyl temiinal of the constituent amino acids of bFGF. 

17. A transfonnant harboring a vector containing a recombinant DNA having a base sequence which 
codes for a mutein of basic fibroblast growth factor (bFGF). 

18. A transformant as claimed in Claim 17, wherein at least one amino add lacks from the constituent 
* amino acid bFGF. 

19. A transformant as claimed in Claim 17. wherein at least one constituent amino acid is replaced by 
other amino add. 
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20. A transformant as claimed in Claim 17, wherein at least one constituent cysteine is replaced by 
serine. 

21. A transformant as claimed in Claim 19, wherein the constituent amino acid which is to be replaced 
is aspartic acid, arginirft, glycine, serine and/or valine. i- 

22. A transfonmant as claimed in Claim 18. wherein at least one amino acids lacks from the amino , 
terminal or carboxyl terminal of the constituent amino acids of bFGF. 

23. A method for producing a mutein of basic fibroblast growth factor (bFGF). which comprises 
cultivating a transformant harboring a vector containing a recombinant DNA having a base sequence which 
codes for a mutein of bFGF in a culture medium to produce and accumulate «ie mutein in the cultured 
broth. 

24. A method as claimed in Claim 23, wherein at least one amino acid lacks from the constituent amino 
acid bFGF. 

25. A method as claimed in Claim 23, wherein at least one constituent amino acid is replaced by other 
amino add. 

26. A method as claimed in Claim 23, wherein at least one amino acids lacks from the amino terminal 
of the constituent amino acids of bFGF. 

27. A method as claimed in Claim 25. wherein the constituent amino acid which is to be replaced is 
aspartic acid, arginine, glycine, serine and/or valine. 

28. A method as claimed in Claim 24, wherein at least one amino acids lacks from the amino terminal 
or the carboxyl terminal of the constituent amino acids of bFGF. 

Claims for the following contracting States: ES, GR, 

1. A method for producing a mutein of basic fibroblast growtii factor (bFGF). which comprises 
cultivating a transformant harboring a vector containing a recombinant DNA having a base sequence which 
codes for a mutein of bFGF in a culture medium to produce and accumulate tiie mutein In the cultured 
broth. 

2. A method as claimed in Claim 1. wherein at least one amino acid lacks from tiie constituent ammo 
acid bFGF. 

3. A method as claimed in Claim 1, wherein at least one constituent amino acid is replaced by ottier 
amino acid. 

4. A method as claimed in Claim 1. wherein the bFGF includes the amino acid sequence: 
Phe-Phe-Uu-Arg-lle-His-Pro-Asp-Gly-Arg-Val-Asp-Gly-Val-Arg-Glu-Lys-Ser-Asp-Pro 

in ite molecule. 

5. A method as claimed in Claim 3, wherein ttie constituent amino acid which is to be replaced is 
cysteine. 

6. A method as claimed In aalm 3, wherein at least one constituent cysteine Is replaced by a neutral 
amino acid. « 

7. A method as claimed in Claim 1, wherein at least one constituent cysteine is replaced by serine. 

8. A method as claimed in Claim 3, wherein the constituent amino acid which is to be replaced is 
aspartic acid, arginine, glydne, serine and/or valine. 

9. A metiiod as claimed in Claim 2, wherein at least one amino adds lacks from the amino terminal of 
ttie constituent amino acids of bFGF. 

10. A method as claimed in Claim 2. wherein at least one amino acids lacks fi*om the carboxyl terminal 
of the constituent amino adds of bFGF. 
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Figure 47 
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Figure 51 
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Figure 58 
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Figure 60 
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